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Preface 


This  report  is  a  summary  and  synthesis  of  the  work  of  aviation 
psychologists  in  the  flexible  gunnery  program  of  the  Army  Air 
Forces.  An  attempt  has  been  made  to  describe  research  tech¬ 
niques  and  results  to  the  end  that  ready  transfer  to  other  prob¬ 
lems  in  applied  psychology  may  be  obtained.  The  reporting  of 
historical  materials  is  limited  to  an  account  of  such  instances  and 
circumstances  as  will  aid  in  understanding  the  research  done. 
Orie  of  the  most  significant  of  these  circumstances  is  that  the  work 
here  reported  was  a  part  of  a  cooperative  research  program  in  ‘ 
which  other  professional  groups  participated.  The  contribution  * 
of  those  other  groups  to  the  work  described  in  this  report  was  sub-  ' 
stantial.  A  complete  account  of  gunnery  research  would  more1’ 
adequately  recognize  their  contribution  to  better  gunnery,  and 
would,  in  addition,  give  evidence  of  the  effectiveness  of  Research 
when  men  of  varied  interests  and  special  qualifications  cooperate 
in  seeking  solutions  to  a  complex  problem.  The  reader  who  is- 
interested  in  obtaining  an  overview  of  the  materials  reported  in 
detail  in  appropriate  chapters  is  referred  to  chapter  15,  which 
summarizes  the  total  report  and  provides  a  brief  evaluation  of  the 
work  done.  .<  ....  • : 

Through  encouragement,  counsel,  and  other  assistance  many,- 
individuals  have  contributed  to  psychological  research  in  gunnery, . 
Notable  among  those  are  several  leaders  in  gunnery  training  who 
-gave  support  to  research  in  the  initial  stages  of  the  program,  when 
support  was  most  needed.  Col.  Delmar  T.Spivey,  Col.  Dante]  W. 
Jenkins,  Col.  William  L.  Kennedy,  Col.  Leland  S.  Stranathan,  *!ie: 
late  Col.  Richard  R.  Waugh,  and  Lt.  Col.  Elmer  A.  Dittniar  should 
be  mentioned.  The  expansion  of  psychological  research  and  tlia 
development  of  the  cooperative  research  program  mentioned  above 
reflect  the  interest  in  research  of  Brig.  Gen.  Edwin  B.  Lyon  and 
Col.  E.  M.  Day.  Lt.  Col.  Ernest  R.  Manierre  facilitated  the  prep-  • 
aration  of  this  report  by  making  available  personnel  and  file 
materials.  Numerous  officers  and  enlisted  men  in  gunnery  train-^ 
ing  worked  with  intelligence  and  industry  to  assure  the  success  of  • 
day-to-day  operations. 

Within  the  Aviation  Psychology  Program,  Col.  John  C.  Flana¬ 
gan  and  Col.  Frank  A.  Geldard  should  be  .mentioned  for  their 
guidance  and  support.  Appreciation  is  expressed  to  Maj.  Neal  E,- 
Miller,  Director  of  the  Psychological  Research  Project  (Pilot),  for 


ill 


many  courtesies,  and  for  providing  a  haven  for  the  writing  of 

thS«"»ltcWH.n  psychologist*  dmrvca  sP^Wwordofapp^ 
elation  f oradvising  on  specific  problems.  Dr.  Carl  R.  Rogera,  Dr. 
Charles  W.  Bray,  Dr.  W.  J.  Brogden,  Dr.  K.  U.  Smith,  and  Dr.  U 

L.  Thurstorie  are  prominent  among  these. 

Prof.  John  Russell,  Dr.  Hugh  Wolfe,  and  Dr.  Edgar  Dale  gave 
valuable  assistance  on  problems  related  to  their  special  fields. 

Maj.  Roger  W.  Russeli,  Maj.  John  V.  McQuitty,  and  Maj.  Rob¬ 
ert  Bragarnick  contributed  much  to  the  planning  of  the  gunnery 
research  program.  The  importance  of  Major  McQuitty  8  contri¬ 
bution,  in  particular,  is  not  fully  evident  in  the  assignment  of 
credits  for  special  projects.  The  complexity  of  the  gunnery  re¬ 
search  program  makes  it  difficult  to  designate  with  accuracy,  in 
every  instance,  those  who  should  be  given  specific  recognition  for 
work  on  various  projects. 

The  officers  who  assisted  in  the  preparation  of  this  report  did 
<so  at  some  personal  inconvenience.  Two  of  the  officers  devoted 
several  months  of  Army  service  beyond  that  required  of  them,  in 
order  to  make  the  report  possible.  Lt.  William  B.  Schrader  de¬ 
serves  speciahmention  for  valuable  counsel  on  technical  problems 
and  for  editorial  work  on  the  entire  report, 
y  •  y.  '•  Nicholas  Hobbs 

'  •  *•  *  Jjl  (Jol  a.  c 

Randolph  Field,  Tex.,  1  March  1946.  . 
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CHAPTER  ■'  . —  _  . 

*  ■  . . - 

A  Brief  History  of  the  Flexible 
Gunnery  Program  .. , 

Maj.  Nicholas  Hobbs -  . 


INTRODUCTION  | 

I  »  •„  »  T  •  t  • 

The  Scope  of  the  Report  •'  ’’  ‘  ■ 

This  is  a  report  of  psychological  research  in  flexible  gunnery. 

Since  less  is  known  about  the  gunner  and  about  gunnery  than  is 
known  about  the  pilot,  the  bombardier,  the  navigator,  and  their 
jobs,  the  first  section  of  the  report  will  tell  about  the  enlisted 
members  of  the  combat  crew  and  the  job  they  had  to  do.  The 
history  of  gunnery,  of  gunnery  training,  and  of  gunnery  research 
will  be  surveyed;  something  will  be  said  about  the  gunner’s  job; 
the  gunner  himself  will  be  described;  and  the  function  of  psy¬ 
chological  research  in  gunnery  will  be  indicated.  ■  Against  this 
background  of  information,  there  will  be  presented  in  subsequent 
sections  of  the  report  an  account  of  a  research  program,  the  goal 
of  which  was  to  put  well-selected  and  well-trained  gunners  into 
bomber  crews,  gunners  who  could  help  defend  a  formation  from 
the  attacks  of  enemy  fighters  and  thus  make  possible  the  effective 
bombing  of  enemy  industrial  and  military  installations. 

EARLY  FLEXIBLE  GUNNERY  (1917  to  1942)  . 

•  *  • _  '  i  *  i  •  *  ’ 

Gunnery  Before  Pearl  Harbor 

**  „  •  r ,  j  *«  ♦  / 

Flexible  gunnery  started  in  World  War  I.  In  the  latter  period 
of  the  war,  bombers;  mounted  flexible  caliber  .30  machine  guns, 
for  which  simple  mechanical  sights  were  invented.  In  the  years, 
between  World  War  I  and  World  War  II,  bombers  grew  up,  and 
gunnery  equipment  grew  up  with  them.  The  rugged  caliber  .50- 
machine  gun  appeared,  turrets  of  sturdy  design  and  easy  control 
were  developed,  and  a  fairly  adequate  computing  sight  became 
standard  equipment  for  some  gun  positions.  But  knowledge  of 
gunnery  remained  meager,  and  interest  in  the  problems  of  gunnery 

• 
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WU  dormant  Anecdote  has  it  that  gunnery  training,  in  the  Inter¬ 
vening  years  of  peace,  consisted  of  an  annual  shoot  during  which 
a  few  hundred  rounds  of  ammunition  were  fired  at  clouds,  or 
occasionally  at  a  sleeve-type  target  towed  by  another'  airplane. 
When  war  came  again,  we  knew  relatively  little  about  flexible 
gunnery.  ?>-$•  » .  , » 

The  British  had  learned  something  about  gunneryi  the  hard 
way,  during  the  early  days  of  the  war  when  their  bombers  fought 
the  aggressive  Luftwaffe  fighters.  We  learned  first  from  the 
British.  In  the  summer  of  1941,  several  officers  of  the  Army  Air 
Forces  were  sent  to  England  to  learn  all  they  could  about  flexible 
gunnery,  and  on  their  return  they  were  charged  with  setting  up  a 
program  .for  the  training,  of.  gunners.  The  first  basic  flexible 
gunnery  school  was  opened  at  Las  Vegas  Army  Field  on 
22  December  1941.  In  quick  succession,  schools  were  opened  at 
Tyndall  Army  Air  Field,  Fla. ;  at  Harlingen  Army  Air  Field,  Tex., 
and*  later,  at  Buckingham  Army  Air  Field,  Fla,  and  Laredo  Army 
Air  Field,  Tex.  Every  effort  was  made  to  set  up  quickly  a  train¬ 
ing  program  that  would  send  gunners  into  combat  well  prepared 
to  do  their  jobs;1  *'  -  ■'*  '•  ......  .j  .  , 

'  £•*  ’I'M  >v.U  .. 

Combat  Gunnery,  Early-Period  {>,,,.  v/,/n  j;.,{ 

What  aerial  combat  was  like  in  the  early  days  of  the  war  will 
be  remembered  from  newspaper  stories  in  which  figured  such 
names  as  Rabaul,  Tarawa,  Emden,  Paris,  Wiihelmshaven.  Near¬ 
ly  all  of  the  bombers  (B-17's,  B-18's,  B-24’s,  B-25’s,  and  B-26’s) 
had  one  or  more  turrets,  but  hand-held  guns,  equipped  with  crude 
iron  nng-and-post  sights,  predominated.  Only  the  Flying  Fortress 
was  equipped,  in  two  positions,  with  computing  sights.  Combat 
editions  were  perilous.  In  the  Pacific,  on  return  from  a  day- 

clcaned  their  *um  in  the  dark-  i0T  a  <«<*«• 
Euro™.*' to  hlaVe.b?“f!ht  the  whine  61  a  sniper’s  bullet.  In  the 
AhT™  ?  AAf  bomber  losses  were  great.  The  German 

weJ^fh  t,C<Tert!,ng  40  %hters'  an3  our  bomber  formation, 
were  met  by  hordes  of  ME-109’s  and  FW-190's,  flown  bv  <Mi 


i. 

i h.u  h 


nSttte'S!'  -  u.  V....,  Klngnea, 

»|hMl  Wt*’  ,0T  “Amy  Air  Force,  FlexlM118)?  ^  offlc,sl  dchI*n*Uon  of  a  gunnery 

*«■<■."  The  AAF  School,  La.  VeS.s  Amy  Alp 

Amy  Air  Field,  Fie.,  will  be  referred  to  V °UDnerjr)-  locat^  *t  Buckingham 

Central  School  for  Flexible  Gunnery,  located  aDd  •ucceswr,  The 

T«*.,  will  be  designated  J>r  the  Initial,  CSFO  v  t,.Euck  n*h*m  *nd  ?»t«r  at  Laredo, 
Central-School.'*  The  term*  "In.tructor,  School"  COmmODlr  U8«<1  exprea.Ion  "the 

la, tractor  training  activity  of  the  Central  School  In,tructor»  Courae"  aleo  refer  to-the 
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Gunnery  Training,  Early  Period  .  ..:w  .?  -  -  .  •  ,  #>.*  4*  •  *.T 

Training  of  gunners  for  combat  left  much  to  be  desired.  The 
curriculum  in  those  early  days  expressed  the  ingenuity  of  *  group 
of  officers  and  enlisted  instructors,  who  had  little  precedent  and 
no  organized  body  of  knowledge  to  guide  them.  Lesson  plans  on 
the  machine  gun  were  based  on  infantry  manuals,  aircraft  recog¬ 
nition  courses  were  based  oh  British  materials,  turret  course* 
were  drawn  from  texts  supplied  by  turret  manufacturers,  and  no 
■adequate  sighting  course  existed.  There  was  insufficient  equips 
ment  Caliber  .30  machine  guns  were  substituted  for  the  scarce 
caliber  .50  gun.  Each  school  had  only  a  few  turrets  to  use'  for 
demonstration  purposes.  Gaps  were  filled  in  by  almost  any  kind 
of  activity,  particularly  shooting,  which  might  teach  a  gunner 
something  that  would  help  him  handle  a  gun  in  combat  •  The  first 
moving-target  range  for  machine  gun  firing  consisted  of  ‘a  cloth 
target  mounted  on  a  sled,  which  was  hed  by  a  long  rope  to  a  tnick 
and  towed  across  the  desert  to  be  fired  at  to  the  presumed  profit 
of  the  student  and  the  unquestionable  discomfort  of  the  driven 
Civilian  skeet  champions  were  commissioned  and  assigned  to  the 
program,  and  shotgun  shooting  became  an  important  part  of  train¬ 
ing  gunners  to  shoot  cpliber  .50.  machine  guns  from  a  225-mile 
per  hour  bomber  at  a  325-mile  per  hour  fighter.'  Gadgets  with 
simulated  machine' guns  to  be  fired  at- airplanes  mounting- photo? 
electric  cells  were  garnered  from  amusement  parlors  and  put  into 
service.  Compressed  air  guns  shooting  B-B  shot  or  small  sized 
pellets  Were  developed  for  indoor  ranges,  and  attempts  were  made  • 
to  develop  quickly  a  caliber  .22  machine  gun  for  outdoor  firing.'- 
For  air  training,  caliber  .30  machine  guns  were  mounted  in.  the 
rear  cockpit  of  small,  two-place  airplanes,  to  be  fired  by  the  gunner 
at  a  sleeve  target  towed  by  another  plane.  The  gunnery  training 
program  was  weak ;  it  needed  a  lot  of  improvement.  No  onoF  real¬ 
ized  this  better  than  the  men  who  were  charged  with  making  it 
better.  A  long  step  was  taken  toward  better  gunnery,  when,  in 
December  1942,  the  AAF  Instructors  School  (Flexible  .Gunnery) 
was  established  to  train  instructors,  to  standardize  basic  training^ 
and  to  provide  personnel  and  facilities  for  research. 

- .  ■  **  <  •  ■  .*  J  ‘it* 


Gunnery  Research,  Early  Period-  .  '•  „ 


Psychologists  became  interested  in  gunnery  in  late  1942.  In 
September  of  that  year,  three  small  research  detachments  (one 
from  each  of  the  Psychological  Research  Units  active  at  that  time) 
were  sent  to  the  gunnery  schools  at  Las  Vegas,  Harlingen,  and 
Tyndall,  for  the  purpose  of  assisting  in  the  selection  of  gunnery 
students  to  receive  further  training  as  low-altitude  bombardiers.* 


•Set  Appendix  A,1  for  fiamet  of  pg/cbologlfU  in  gunner/. 
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The  detachments  also  were  directed  to  explore  the  possibility  of 
developing  a  battery  of  tests  to  be  used  In  the  initial  selection  of 
men  for  gunnery  training.  A  total  of  62  aptitude  tests  were  ad- 
ministered  to  determine  their  appropriateness  for  use  in  a  gunnery 
selection  battery,  but  attempts  to  validate  these  tests  against 
criteria  of  gunnery  proficiency  in  training  gave  disappointing 
results.  No  generally  adequate  and  dependable  criteria  could  be 
found.  The  records  of  class  after  class  on  air-firing  and  on 
machine-gun  firing  on  ground  ranges  were  checked  for  reliability. 
The  reliability  of  all  measures  of  performance  critical  for  gunnery 
clustered  around  zero,  and  there  was  little  evidence  that  gunners 
were  learning  to  aim  and  fire  a  machine  gun.  The  results  of  these 
exploratory  investigations  were  presented  to  the  officers  in  charge 
of  gunnery  at  a  conference  in  Fort  Worth  in  January  1943.  Im¬ 
pressed  by  the  findings,  these  officers  requested  that  a  group  of 
psychologists  be  assigned  to  the  gunnery  program  to  continue  the 
research  which  had  been  initiated  on  the  selection  and  training  of 
.  gunners.  In  March  1943,  Psychological  Research  Detachment 
(Gunnery),  staffed  by  two  officers  and  eight  enlisted  men,  was 
activated  and  attached  to  the  Instructors  School..  * 

GUNNERY  IN  THE  MIDDLE  PERIOD  (1943-1944) 

Combat  Gunnery,  Middle  Period 


Leaders  of  combat  air  forces  were  becoming  worried  about  the 
defense  of  bombers.  The  reader  will  remember  newspaper  ac¬ 
counts  of  bombing  missions  over  Germany  in  1943  and  early  1944, 
when  our  bombers  were  penetrating  deep  into  German  territory 
against  relentless  opposition.  Stuttgart,  Saarbrucken,  Munster, 
Gelsenkirchen,  Brunswick,  Schweinfurt  were  familiar  names. 
And  accounts  of  losses  stick  in  the  memory,  too:  “28  B-~17’s  lost.” 
‘  45  down,"  “60,”  “80,”  “84,”  on  a  single  mission.  Fighter  escort 
was  introduced  in  the  European  Theater ;  improved  gunnery  equip¬ 
ment  was.installed  ;  but  losses  were  still  heavy.  Urgent  requests 
for  better  trained  gunners  were  made  by  combat  commanders. 

It  was  recognized  by  training  officers  that  gunnery  training  was 
not  related  closely  enough  to  the  gunner's  job  in  combat  To  rem¬ 
edy  this  deficiency,  18  key  officers  from  the  gunnery  program 
were  sent  to  the.  European  Theater  in  June  of  1943  to  observe 

Z  lrnery  m  ,he  8th  Air  Force  and  to  ™ke  recommend*. 

mneh  lllm  ,  ?,Unnery  trainin*  in  ‘he  States.  Though 
much  valuable  information  was  obtained,  and  later  put  to  good 

use,  the  outcome  of  the  mission  was  tragic.  In  spite  of  every 

precaution  to  reduce  chances  of  losses,  six.  of  the  most  important 

men  m  gunnery  training  were  shot  down  This  event  gave  per- 
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sonal  meaning  to  statistics  on  bombers  lost,  and  underscored  the 
urgent  need  for  better  gunnery  training. , 

Gunnery  Training,  Middle  Period  * 

Much  was  done  during  this  period  to  improve  gunnery  train* 
ing.  Four-engine  bombers  were  assigned  to  the  basic  schools  to 
give  gunners  training  on  the  type  of  equipment  they  would  use  in 
combat.  A  new  system  of  sighting,  called  Position  Firing,  was 
developed  and  adopted  as  standard  in  September  of  1943.  The 
gun  camera  was  introduced  into  the  training  program  to  check 
students'  ability  to  apply  sighting  rules  in  the  air,  against  attack* 
ing  pursuit  planes.  Several  synthetic  trainers  were  installed  at 
all  gunnery  schools.  And  two  additional  schools  were  opened,  at 
Kingman  Army  Air  Field,  Arizona*  and  Yuma  Army-  Air  Field, 
Ariz. 

Something  of  the  complexity  of  the  problem  of  gunnery  train¬ 
ing,  and  of  the  lack  of  structure  in  the  training  program,  is  sug¬ 
gested  by  figures  on  training  devices  and  procedures.  At  least  14: 
different  types  of  indoor  synthetic  trainers  were  built  in  an  at¬ 
tempt  to  train  gunners  in  sighting;  16  types  of  outdoor  ranges - 
were  constructed  and  used  at  one  time  or  another }  5  distinct  types 
of  air  missions  were  devised,  with,  many  modifications;  and  the 
number  of  gadgets,  devices,  and  ranges  that  were  proposed  but 
never  adopted  was  legion.  These  facts  are  eloquent  tribute  to  the 
ingenuity  and  enthusiasm  of  the  men  concerned  with  gunnery 
training;  they  are  also  eloquent  testimony  that  a  random  trial- 
with-no-corr  ection-of-error  method  of  training  gunners  prevailed. 

Gunnery 'Research,  Middle  Period 

Psychological  research  in  gunnery,  to  be  described  in  detail  in 
the  main  body  of  this  report*  assisted  during  this  period  in  the 
establishment  of  an  instructor-selection  program,  the  development 
and  standardization  of  examinations  for  all  gunnery  schools,  the 
development  of  a  new  type  of  performance  test  known  in  gunnery^ 
as  a  phase  check,  the  evaluation  of  trainers  and  the  devising  of 
techniques  for  the  use  of  training  devices,  the  publication  of  tests 
for  the  selection  of  gunners,  and  the  revision  of  methods  of  fxainr 
irig  in  accordance  with  established  principles  of  learning.  There 
was  more  work  to  be  done  than  could  be  done  by  the  small  group 
of  psychologists  originally  detailed  to  gunnery  research.  On 
1  May  1943,  a  conference  of  gunnery  officials  recommended  that 
the  number  of  psychologists  assigned  to  gunnery  research  be 
increased  and  that  provisicnsfbe  made  for  a  permanent  psychologi¬ 
cal  research  unit  in  gunnery.  In  response  to  this  recommendation, 
additional  psychologists  were  added  to  the  original  group,  and,  on 

$ 
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1  October  1943,  Psychological  Research  Unit  No.  11  (Gunnery) 
was  activated,  with  a  table  of  organization  calling  for  11  officers 


and  43  enlisted  men.  •  ; 

There  was  recognized  at  this  time  a  need  for  better  supervision 

and  training  of  gunners  in  the  combat  air  forces.  Gunnery  pro¬ 
ficiency  had  to  be  maintained,  and  gunners  had  to  be  trained  In 
the  theater  to  use  new  equipment  and  new  techniques.  The  answer 
to  this  problem  seemed  to  be  to  provide  specially  trained  gunnery 
officers  for  assignment  to  each  combat  organization  to  which  gun¬ 
ners  were  assigned.  In  January  1943,  an  officer  from  Psychologi¬ 
cal  Research  Unit  No.  11  was  sent  on  a  mission  to  England  to 
study  the  requirements  of  the  8th  Air  Force  for  gunnery  officers 
and  to  learn  from  the  Royal  Air  Force  their  concept  of  the  func¬ 
tion  of  the  commissioned  Gunnery  Leader.  A  job  description  for 
the  gunnery  officer  was  accomplished*  and,  on  the  basis  of  this 
investigation,  recommendations  for  the  selection  and  training  of 
gunnery  officers  were  made.1 :  V".  *• 


Training  Plans,  Middle  Period 


What  has  been  rather  arbitrarily  called  the  middle  period  in 
gunnery  culminated  in  a  conference  held  at  3ird  Air  Force,  Tampa, 
Florida,  on  12-14  April  1944..  The  chief  significance  of  this  con¬ 
ference  was  the  proposal  by  Brigadier  General  E,  B.  Lyon  that  the 
Central  School  for  Flexible  Gunnery  be  established  as  the  “foun¬ 
tain-head  of  knowledge"  on  flexible  gunnery,  with  an  expanded 
program  for  the  training  of  gunnery  instructors  and  of  rated 
gunnery  officers.;  Increased  personnel  and  facilities  for  research 
in  gunnery  and  i'or  liaison  between  the  Central  School  and  all  air 4 
forces  would  be  provided  fox.  This  recommendation  was  later 
approved  and  the  decision  made  to  locate  the  Central  School  on 
a  separate  base  at  Laredo  Army  Air  Fielcji;  where  a  small  experi¬ 
mental  school  for  the  training  of  basic  (gunners  could  also  be 
operated  as  a  part  of  the  Central  School.  -  ’• 

^  The  organization  of  the  proposed  Central  School  for  Flexible 
Gunnery  was  illustrated  at  the  Tampa  Conference  by  the  chart 
shown  in.  figure  1.1.  Though  there  were  to  be  changes  in  the 
organizational  plan,  the  essential. features  of  the  Tampa  proposal 
remained  intact— a- single  gunnery  training  system  with  six  basic 
gunnery  schools,  and  with  a  central  school  responsible  for  the 
training  of  instructors,  the  training  of  gunnery  officers,  the  opera¬ 
tion  of  an  experimental  basic  school,  the  development  of  training 
materials  the  conduct  of  research,  and  the  establishment  of 
liaison  with  all  groups  concerned  with  gunnery  training.  The 
s  /  signi  cant  subsequent  changes  in  organization,  not  shown  oh 
e  a  ove  chart,  were  three.  First,  the  single  gunnery  wing  was 
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supplanted  by  the  office  of  the  Deputy  for  Flexible  Gunnery  Train* 
ing,  a  special  staff  position  set  up  by  the  Commanding  Generat  of 
AAF  Training  Command  to  assure  that  gunnery  training  got  the 
attention  that  was  desired.  Second,  the  Publication  Division  was 
made  a  part  of  the  Research  Division.  Third,  a  local  director  was 
provided  for  the  two  functions  of  liaison  and  research. 

During  the  5  months  following  the  Tampa  Conference,  the 
Central  School  was  moved  to  Laredo  (in  June  1944),  and  there 
followed  a  period  of  productive  activity.  The  Gunners  Informa¬ 
tion  File,  generally  recognized  as  one  of  the  best  of  the  Army  Air 
Forces'  training  manuals,  was  published.  A  new  series  of  phase 
checks  was  printed  and  distributed  to  all  schools  and  air  forces. 
The  training  of  gunnery  officers  proceeded  apace,  and  research 
activities  expanded  rapidly.,  At  this  time,  attention  was  again 
turned  to  the  combat  gunner  as  a  source  of  information  on  the 
adequacies  and  weaknesses  of  gunnery  training.  Three  psy¬ 
chologists  were  dispatched  to  the  7th  Air  Force,  to  the  6th  and 
18th  Air  Forces,  and  to  the  China-Burma-India  Theater  to  obtain 
•objective  measures  of  the  proficiency  of  gunners  in  combat  zones, 
and  to  obtain  suggestions  for  the  improvement  of  the  training  of 
gunners  from  the  gunners  themselves  and  from  officers  who  were 
most  intimately  concerned  with  the  ability  of  the  gunner  to 
shoofc-the  squadron  pilots,  bombardiers, -navigators,  the  gunnery 
officers,  the  air  force  commanders. 


GUNNERY  IN  THE  FINAL  MONTHS  OF  THE  WAR  (1944-1945) 
Combat  Gunnery,  Final  Period 

M  the  remaining  months  of  1944  passed,  gunnery  in  combat 
gradually  changed.  Again,  remembered  newspaper  stories  will 
aerve  to  set  the  scene.  Weakened  by  the  AAF's  devastt^ 
bombing  of  its  aircraft  factories  and  fuel  plants,  and  warded  off 
by  our  long  range  fighter  escort,  the  German  Air  Force  lost  its 
over-a  1  effectiveness,  though  its  fighters  could  gang  up  and  strife 
tellingly  against  single  groups  of  bombers.  And  in  the  Pacific 

theT— '°”™  B-29'8  getting  into  o^ra&n  ' 
29Ul  B“mbf  Command,  with  bases  in  India  and  China 
was  bombing  Manchuria,  Formosa,  and  the  home  islands  of  Japan' 
On  the  gruelling,  18-hour  flights  from  their  home  bZs  to 
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the  training  of  gunners wai  atauttanaously  being  revised  and 
Improved.. V«.  ....  ‘  .*•  ‘  ,v  *  r\.n-.-Y 


In  the  Pacific  Theater  were  presented  at  a  conference  held.ln8an, 
Francisco  on  81  July  and  1,  2  August,  1944*.  Tha  conference  at 
Sari  Francisco  wa»  attended  by  officer*  representing  all  commands 
concerned  with  gunnery  and  gunnery  training,  from  Headquar¬ 
ter*,  Army  Air  Forces*  to  each  of  the  operational  air  forces  in  all 
theaters  of  war.  Such  objective  evidence  of  interest  |n  gunnery 
had  never  before  been  ®hown»,, t}yy^  i  1^^;; 

Connery  Research*  Final  Period  ’  ‘/W' hrwik ztw  ‘ioiih  ii 

In  the  months  subsequent  to  the  Initiation  of  psychological 
search  in  flexible  gunnery,  the  research  program  had 
rapidly.  With  a  small  group  of  psychologists  forming  a  nncleu* 
there  had  .  gradually  evolved  a  lari*  departmentalised  research . : 
and  developmental  organisation,  staffed  by  p*ychologlBt»,mathe- 
matidans*  physicists,  engineers,  draftsmen, writew,  artteteand 
gunnery  training  experts, totaling  some  250  people*,  and  competent^ 
to  undertake  almost  any  problem  in  flexible  gunnery  training; 
The  Research  Division,  ,  as  it.  was  designated,  is  believed  to;  hay* 
been  a  unique  organisation  in  the Army,  marshalling,  as  itdl<V 
the  efforts  of  a  varied  group  of  experts  to  tha  common  purptee  . 
of  solving,  a  difficult  technical  problem. , . 

The  gunnery  conference  at  San  Franciaco  resulted  in  ’ greeter  - 
emphasis  on  research  on  crsw-tralning  of  gunnery  and  oh 'rife; 
fresher  training  for  gunners  in  combat  An  extensive  research  •, 
project  was  set  up  at  Puahlo  Army  Air  Base*  reeulting  ln  tbe 
publication,  in  October  of  1944,  of  a  standard  B-17  and  B-24 
gunnery  program  for  all  training  air  forest,  a  program  which 
was  founded  on  the  results  of  tha  evaluation  of  several  training 
methods  tried  out  at  that  station.  Several  months  later,  in  Jami-  . 
ary  of  1945,  a  similar  though  somewhat  broader  research  under¬ 
taking  was  Initiated  in  the  8th  Air  Force  by  psychologists  from'' 
the  Central  School  This  investigation  was  directed  toward. ss-  , 
tabllshlng  tha  most  sffldsnt  training  procedures  for  maintaining 
the  basic  skills  of  gunners  during  their  combat  tour.  The  study 
was  completed  to  the  Immediate  benefit  of  the.gunners  involved, 
but  the  training  program  determined  to  bo  most  effective  was  no! 
put  into  widespread  use,  due  to  the  end  of  tha  war  in  Ruxbpe..  At 
the  same  time  that  these  studies  ware  being  carried  out,  the  Cen¬ 
tral  School  was  turning  its  attention  to  tha  problem  of  training 
B-29  gunners  for  tha  Pacific  war.  Tha  responsibility  for  plan¬ 
ning  a  program  for  tha  training  of  B-29  gunners  was  borne  almost 
wholly  by  the  Research  Division. 
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Gruwery  Training,  Final  Period  ^  -.t  *u 


A  comprehensive  plan  for  the  training  of  B-29  gunners  was 
worked  out  and  put  into  effect  at  Buckingham  in  January  1945. 
To  define  concretely  and  specifically  the  objectives  which  should 
guide  the  training  program,  an  Officer  was  sent  to  the  20th 
Bomber  Command:  to  study  combat  requirements.  The  basie 
course  was  lengthened  from  6  weeks  to  12  weeks;  new  lesson 
plans,  new  examinations,  and  new  phase  checks  were  developed; 
a  B-29  supplement  to  the  Gunners  Information  File  was  pub- , 
lished;  ground  ranges  were  modified;  a  special  B-29  synthetic 
trainer  was  devised;  several  motion  pictures  and  film  strips. were 
produced;  and  coordination  with  other  training  elements  was 
carefully  worked  out.  The  significance  of  this  account  is  that 
the  program  was  conceived  as  a  whole,  and  not  piece  by  piece. 
It  was  the  first  integrated  plan  for  the  training  of  gunners,  based 
on  what  gunners  had  to  do  in  combat-. 


Other  Developments,  Final  Period  '• 

«  "..*?•  ■ 

Concurrently  with  the  planning  of  a  new  B-29  training  pro- 
gram,  there  were  several  notable  developments  in  flexible  gun¬ 
nery.  In  August  of  1944,  the  National  Defense  Research 
.  Committee  contracted  With  the  University  of  Wisconsin  to  estab^ 
hah  at  Laredo  a  project  to  study  psychological  problems  in  the 
design  °f  gunnery  equipment  This  was  a  most  significant  uri- 
f°«  the  ^  experimental  program  devoted  to 

to  thfahiiv0  8tfL°f  the  design  of  equipment  with  reference 
*b-  tlel  ®f  the  gunnei»  who  would  use  the  equipment 
training  of  B-29  gunners  gradually  superseded  the  training 

f°r  B~17'8  &nd  A  P~  Tor  the  Sing 

for  th  ff11"1?82"3  Yas  put  into  effect»  and  plans  were  in  progress 

*“«»  appeared  as  an  aSt 
search  ™/  b  -^ns'  opemn2  «P  an  entire  new  field  for  re- 

ities  of  gunne^nnsVhrwVasUth0”  -V^  COnC6Pt  a"d  potentiaI' 
close.  h  Was  the  Plcture  as  war  drew  to  a 
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INTRODUCTION  •  :r  ::  ;v.  .fjtiior.e. 

•  1  *  .  .  . ,  ’  * 

It  was  the  flexible  gunner’s  primary  responsibility  to  protect 

bis  bomber,  and  other  bombers  in  his  formation,  from  attacks  ty 
enemy  fighter  planes.1  His  fundamental  job.  therefore.'  con-  • 
slated  of  aiming  and  shooting  at  attacking  planes  so  that  they 
were  put  out  of  action  or  at  least  deterred  from  making  effective 
attacks.*  '.in:  '  *v  f;*'  ;<n/j  ‘ 

In  this  chapter,  (the  basic  problem  of  shooting  at  attacking' 
planes  will  be  discussed;  the  complex  aiming  situation  that  was. 
involved  will  be  developed;  and  the  equipment  provided  the  gun¬ 
ner  to  solve  his  basic  problem,  as  well  as  his  duties  with  respect, 
to  this  equipment,  will  be  briefly  described.  The  gunner’s  actual . 
success  in  shooting  at  enemy  planes  will  be  discussed,  and,  finaHyi 
those  aspects  of  his  job  concerned  with  his  role  as,  a  member  of 
an  aircrew  will  be  described.  ,.  - ,\}.A  ^ 

THE  FLEXIBLE  GUNNERY  AIMING  SJ^ATOtf;;?? ^ * 

The  Sighting  Problem  Analysed  '  .  ••  •',  rv-v  viy: 

The  gunner  was  faced  with  the  problem  of  shooting  from  his 
fast  moving  bomber  at  a  target  that  was  also  moving  rapidl^ 
through  space.  A  helpful  way  to  view  this  problem  is  to  con¬ 
sider  it  as  an  elaboration  of  simpler  and  more  familiar  aiming 
problems.  These  may  be  conveniently  analyzed  in  terms  of  the  . 
moving  or  stationary  character  of  both  the  gunner  and  his  target 
Stationary  gunner  and  stationary  targst—-. A  boy  with  a  small- 
caliber  riflle  shooting  at  a  tin  can  is  an  example  of  the  bade  aim-  • 
ing  situation.  .  If  he  lines  up  his  sights  accurately  on  the  can, 
and  holds  the  alignment  while  squeezing  the  trigger,  he  may  con¬ 
fidently  expect  to  hit  the  can.  The  factor  of  equipment  is  pres¬ 
ent,  of  course,  and  it  must  be  assumed  that  the  sights  are 

lTU  torn*  "flwtjW*’*  ititir  u4  "MrUl*  n»tr  win  «Mt  lattrokucttM/  ts  tk* 
Nrtr  (in  of  U>«  nr,  Latar,  flasltla  gvuar  twmi  tha  pwtwwd  ton.  It  ia  «n4 
UrougtMut  Ul«  report  a*aapt  It  a  (nr  quoUUoas  iU  tiUaa  Vaiek  r*UU  tkalr  town  wm. 


properly  .djustal. »»«  «-»  W‘  *nd  »”"HlnlUon  "* ,n 

working  the  *  uke8  w, 

J££7Z£5£.  »u  luik  .hooting  .t  the  .malt 

day  blrd.  o  tt!.y  mov.  . lowly  and  .tardily  around  a  track  he 

faces  in  aiming  problem  of  the  next  degree  °f  d‘”°ulty^^  “ 

t^ttmf^^k^hUbu «ach  ihc  taiet^e  tor*et  itaelf 

hM  moved  a  certain  distance.  The  task  ha.  become  one  of  so 
directing  the  bullet  that  it  will  meet  up  with  the  target.  In  aim- 
in*  therefore,  it  is  necessary  to  lead  the  target  by  the  correct 
arnunt  At  a  shooting  gallery  it  is  usually  a  matter  of  no  more 
than  a  couple  of  inches  of  lead,  and  the  problem  is  not  exceedingly 

difficult 

Moving  gunner  and  stationary  target.— -If  the  boy  in  the  origi¬ 
nal  example  were  to  try  and  hit  the  can  with  his  rifle  while  ndmg 
by  in  a  fast  moving  automobile,  he  would  face  a  yet  more  difficult 
problem.  This  time  he  would  not  have  to  estimate  how  far  the 
target  would  move  in  the  time  it  took  his  bullet  to  reach  it,  but 
he  would  have  to  allow  for  the  fact  that  his  own  forward  motion 
is  imparted  to  the  bullet  when  it  leaves  his  rifle.  If  riding  by 
from  left  to  right  of  the  can,  he  would  find  that  he  must  aim  at 
some  point  to  the  left  of  the  can  in  order  to  hit  it,  the  point  vary¬ 
ing  with;  the  speed  of  the  automobile  and  its  distance  from  the 
target 

Moving  gunner  and  moving  target  (flexible  gunnery). — The 
ultimate  aiming  problem  is  encountered  when  both  the  gunner 
and  the  target  are  moving  through  space.  This  was  the  problem 
of  the  flexible  gunner.  The  bullet  would  not  go  where  the  gun 
pointed,  because  it  was  affected  by  the  motion  of  the  base  from 
which  it  was  fired,  and  the  target  changed  its  position  in  space 
from  the  time  the  trigger  was  pulled  until  the  bullet  reached  its 
vicinity.  The  gunner  somehow  had  to  take  into  account  both  of 
these  motions. 


Ha  had  at  his  disposal  one  perceptual  phenomenon  of  consider¬ 
able  assistance,  and  that  was  the  apparent  motion  of  the  target. 
If  he  observed  how  the  target  seemed  to  be  moving  through  space, 
he  had  his  cue  for  the  direction  of  lead  called  for.  If  the  target 
were  traveling  in  his  same  direction  ut  the  same  speed,  it  would 
seem  to  be  standing  still,  and  so  he  would  aim  directly  at  it  If 
the  target  were  moving  faster  than  he  was,  it  would  seem  to  be 
slowly  forging  ahead,  and  he  would  aim  in  front  of  it,  as  in  the 
shooting  gallery  example.  If  the  target  were  moving  more 
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slowly  than  he  was,  it  would  seem  to  be  dropping  behind,  and  he 
would  consequently  have  to  aim  behind  it 

By  carefully  observing  the  apparent  motion  of  a  target  it  waa 
possible  for  the  gunner  to  determine  the  direction  of  lead  (in 
front  of  or  behind  the  target)  with  some  certainty.  The  deter¬ 
mination  of  amount  of  lead  required  imposed  a  far  more  difficult 
problem  in  perceptual  judgment 

Other  Factors  in  the  Sighting  Problem  • 

Having  developed  the  flexible  gunnery  situation  as  one  -in¬ 
volving  both  a  moving  gunner  and  a  moving  target,  it  is  impor¬ 
tant  that  certain  more  specific  characteristics  of  this  situation  be 
kept  in  mind  in  order  adequately  to  appreciate  the  gunner’s  aim¬ 
ing  problem. 

The  target  size. — Fighter  planes  varied  in  size  during  the  war,  - 
largely  depending  on  the  number  of  engines  they  possessed.  The 
most  important  dimension  from  the  gunner's  point  of  view  was 
the  wingspan,  as  this  was  most  often  the  target  presented  to  him. 
Wingspans  for  single-engine  fighters  averaged  around  35  feet; 
for  twin-engine  fighters  around  60  feet  The  more  vulnerable 
portions  of  the  target,  the  propeller,  engine,  and  cockpit  were, 
usually  contained  in  a  space  approximatihg  the  size  of  a  small 
truck.  The  impressive  smallness  of  such  a  target  is  realized 
when  one  considers  the  usual  distance  of  the  target  from  the 
gunner. 

The  target  distance. — Attacking  enemy  fighters  would  usually . 
open  fire  at  a  distance  of  about  600  yards,  and  would  break  off' 
their  attacks  at  from  50  to  200  yards.  With  some  types  of 
sights,  the  gunner  was  encouraged  to  open  fire  on  a  fighter  at  a 
range  of  as  much  as  one  thousand  yards,  in  which  case  it  looked 
like  a  large  speck  on  the  horizon.  In  most  cases,  however,  he 
was  advised  to  wait  until  the  enemy  was  six  hundred  yards  or 
less  from  his  plane,  at  which  stage  the  target  was  beginning  to 
look  roughly  like  a  dime  held  edgewise  at  arm's  length. 

The  target  path. — When  flying  in  fairly  close  formation,'  a 
gunner  would  sometimes  have  occasion  to  fire  at  enemy  fighter 
planes  attacking  other  bombers  than  his  own.  In  most  instances, 
however,  he  would  be  called  on  to  shoot  at  planes  attacking  his  * 
own  plane;  For  an  enemy  fighter  plane  attacking  a  bomber, 
there  were  two  basic  types  of  attacks.  Both  types  of  attacks 
were  influenced  by  the  fact  that  the  guns  on  a  fighter  plane  were 
characteristically  fixed  in  a  set  position  on  the  plane,  so  that 
pilots  had  to  aim  their  planes  in  order  to  aim  their  guns.  The 
first  type  of  attack  was  one  in  which  the  fighter  pilot  attempted 
to  place  a  burst  of  rounds  in  the  path  of  the  bomber,  while  con- 
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tinuing  to  fly  a  fairly  independent  course.  Fighter  planes  mak¬ 
ing  such  attacks  (commonly  referred  to  as  “fly  through”  attacks) 
rarely  presented  satisfactory  targets,  but  in  turn  rarely  made 
effective  attacks. 

The  most  common  target  paths  were  those  that  permitted  the 
fighter  pilot  to  keep  his  guns  aimed  so  as  to  effect  hits  on  the 
bomber.  Direct  head-on  and  tail  attacks  permitted  this.*  Fre¬ 
quently,  however,  the  fighter  pilot  would  overtake  the  bomber  on 
one  side  or  the  other,  and  then  move  in  on  the  bomber  while  hold¬ 
ing  his  plane  aimed  at  the  proper  distance  in  front  of  the 
bomber’s  nose.  This  forced  a  definite  relationship  between  the 
position  of  the  bomber  and  that  of  the  attacking  fighter,  and 
caused  the  fighter  to  fly  what  was  known  as  a  “pursuit  curve.” 

A  pursuit  curve  may  be  visualized  by  imagining  a  dog  running 
to  meet,  a  hunter,  who  is  walking  across  his  path  of  movement 
some  distance  away.  It  is  necessary  for  the  dog  to  keep  chang¬ 
ing  his  direction  until  he- catches  up  to  the  hunter  from  behind. 
In  the  s^me  way,  an  attacking  plane  might  turn  in  upon  a  bomber 
while  directly  alongside  it.  While  flying  so  a3  to  keep  pointed 
somewhat  in  front  of  the  bomber,  its  position  would  gradually 
change  in  towards  the  bomber  and  behind  it.  To  a  gunner  on 
tiie  bomber  it  would  always  appear  that  the  attacking  plane  was 
gating  rapidly  into  and  towards  the  rear  of  his  own  plane. 

^?a!?nt  motlon  lndlcated  that  the  guns  should  always  be 
po  nted  between  the  attacking  plane  and  the  tail  of  the  bomber 

Length  of  attack.— To  complete  the  flexible  gunnery  aiming 
situation,  it  is  important  to  include  the  fact  that  a  fighter  attach 
^ually  lasted  from  3  to  6  seconds.  In  that  brief  soan  of  time 
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flexible  gunnery  equipment 

Throughout  the  war  gunners  were  supplied  with  a  varietv 

zz:  zrrrist  them  in  aiming  «£££%£ 

tended  to  become  more  amTm  progre®sfd’  gunnery  equipment 
general,  it  gradually  took  nv  C0JnpJex  and  specialized.  In 
ner’s  aiming  problem  although  i  6  .S0  utjon  °f  miIc}l  of  the  gun- 
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won  items  and  types  of  vuJ*  °f  S°me  of  the  more  com' 
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The  Caliber  .50  Machine  Goa.  ul-  -  •  •«  , 

The  caliber  .50  machine  gun  as  used  during  the  war  weighed 
some  60  pounds  and  contained  over  150  working  parts.  It  fired 
a  round  one-half  inch  in  diameter,  weighing  almost  2  ounces, 
that  was  either  armor  piercing,  high  explosive,  or  incendiary. 
It  fired  approximately  800  rounds  a  minute.  Its  maximum  effec¬ 
tive  range  was  about  1,000  yards.  .  :  ’•  *' 

Two  characteristics  of  the  gun  are  of  importance  in  under¬ 
standing  its  role  in  the  gunner’s  job. 

Bullet  dispersion. — The  gun  did  not  remain  stable  as  a  burst  of 
rounds  was  fired.  Even  when  the  gun  was  mounted  in  cementi 
the  barrel  would  “whip”  enough  to  cause  the  rounds  to  emerge  In 
a  variety  of  divergent  paths.  When  the  gun  was  fired  from  a 
typical  gun  mount,  this  whipping  effect  was  more  pronounced. 
For  certain  typical  mountings  of  the  gun,*  the  dispersion  of 
rounds  amounted  to  an  area  with  a  diameter  of  approximately  12 
feet  at  a  range  of  1,000  feet'  ;j.  ;  «}•  . 

Barrel  heating. — It  was  not  possible  to  fire  the  caliber.  .50  ma¬ 
chine  gun  for  more  than  a  few  seconds  at  a  time  without  over¬ 
heating  and  damaging  the  barrel.  This  meant  that  the  gunner 
would  have  to  space  his  bursts,  thereby  decreasing  his  overall  ‘ 
fire  power.  >  .  <  -r-  /•..  h  '•  .  .  ’  .■  *  ■  *„ 

Much  of  the  gunner’s  time  was  spent  in  adequately  maintain¬ 
ing  his  machine  guns.  He  was  typically  expected  to  clean  and 
oil  them  after  each  mission  and  to  make  proper  adjustments  and 
check  their  condition  before  each  mission.  He  was  also  expected 
to  know  how  to  adjust  the  sight  so  as  to  be  in  line  with  the  bore 
of  the  gun,  a  process  called  “harmonization.” u  *•  1  •  .»• 

Turrets .  '**••  . . 

.  1  .  •  •  i 

Locally  controlled  turrets.— To  facilitate  the  use  of  the  machine 
guns,  units  known  as  local  gun  turrets  were  eventually  installed 
in  many  of  the  bombers.  Each  turret  included  space  for  at  least 
two  machine  guns,  a  sight,  the  gunner,  and  his  personal  equip¬ 
ment.  Turrets  were  driven  by  electric,  hydraulic,  or  combined 
electric-hydraulic  systems.  Local  turrets,  moving  in  azimuth 
and  elevation  independently  of  the  movement  of  the  bomber,  pro¬ 
vided  the  gunner  with  a  maximum  amount  of  area  in  which -to' 
search  for,  aim,  and  shoot  at  enemy  planes.  The  gunner  op¬ 
erated  his  turret  with  hand  controls  and  a  variety  of  switches. 

It  was  usually  the  gunner’s  responsibility  to  load  ammunition, 
into  his  turret  and  to  make  careful  preflight  and  postflight  checks 
of  the  turret’s  condition  and  operation.  Some  gunners  were  also 
required  to  harmonize  the  guns  and  sight  in  their  turrets  and  to 
make  periodic  checks  of  the  harmonization. 
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Remotely  controlled  turrets. — In  some  of  the  bombers  produced 
toward  the  end  of  the  war,  a  system  of  remotely  controlled  gun 
turrets  was  adopted.  The  gunner  would  sit  at  a  sighting  station, 
from  which  he  was  able  to  scan  an  area  of  the  sky  and  to  control 
the  action  of  one  or  more  gun  turrets  located  some  distance  from 
his  position.  This  type  of  gunnery  situation  had  the  advantage 
of  minimizing  the  effect  of  gun  vibration  on  the  gunner’s  aiming 
activities,  and  generally  made  the  gunner’s  lot  a  more  comfort¬ 
able  one. 

The  gunner’s  task  with  respect  to  this  type  of  equipment 
usually  consisted  of  loading  ammuntion  into  the  turrets  and  mak¬ 
ing  routine  preflight  and  postflight  checks  of  the  system’s 
operation.  .  . 


Sights 

The  most  significant  contributions  to  the  gunner's  aiming  prob¬ 
lem  were  made  by  the  sights  that  were  developed  for  his  use 
Commencing  with  simple  devices  that  gave  the  gunner  ;a  mini¬ 
mum  of  assistance  in  arriving  at  an  aiming  solution,  they 
eventually  were  designed  to  predict  with  some  certainty  the 
amount  and  direction  of  lead  required  for  various  attacks.  The 
judgmental  aspect  of  the  gunner’s  aiming  task  was  consequently 

y  C°mPleX  bU‘  “°re  Pureiy  *nd 

Following  are  descriptions  of  typical  sights. 

iron  nng-and-poat  sights.— .The  simplest  type  of  sight  em 

on°any  smaS^Se  eIaboration  of  the  sights  found 
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and  in  an  attacking  position  was  expressed  as  three  sight  radii, 
c?  "rads”;  when  the  fighter  was  45°  from  the  bomber  (and  to¬ 
ward  the  bomber's  tail),  the  lead  was  two  rads.  The  lead  would 
decrease  until  the  fighter  was  behind  the  bomber  and  no  lead  at 
all  was  necessary.  The  perceptual  problem  of  estimating  and 
setting  off  the  appropriate  rad  leads  was  impressively  difficult 

Optical  ring  sight. — The  optical  ring  sight  was  a  device  provid-  / 
ing  the  gunner  with  the  same  reference,  features  described  for 
the  iron  ring-and-post  sight,  but  in  a  more  convenient  manner. 

The  gunner  ranged,  aimed,  and  tracked  by  reference  to  rings 
projected  on  a  transparent  viewing  glass.  The  rings  seemed  to 
the  gunner  to  be  projected  into  space,  which  most  gunners  re¬ 
ported  as  facilitating  aiming  activities.  . 

Compensating  sights. — In  order  to  relieve  the  gunner  from  the 
necessity  of  setting  off  the  appropriate  leads  during  a  pursuit 
curve  attack,  a  type  of  sight  known  as  a  compensating  sight  was 
developed.  This  sight  permitted  the  gunner  to  aim  directly  at 
the  target  at  all  times  and  mechanically  fixed  the  guns  in  position 
for  the  proper  lead.  Early  models  of  this  type  of  sight  were 
relatively  simple  in  construction  and  were  so  adjusted  as  to  set 
off  leads  for  only  one  set  of  typical  bomber-speed,  altitude,  and 
ballistic  conditions.  Into  the  more  complex  sights  that  were  der 
veloped  later  it  was  possible  for  the  gunner  to  set  the  crucial 
factors  of  his  own  speed  and  altitude,  and  thereby  regulate  the 
amount  of  lead  allowed  for.  Compensating  types  of  sights  were  . 
useful  against  pursuit  curve  attacks,  and  were  of  course  suitable,  I 

as  were  all  sights,  for  direct  head-on  and  tail  attacks.  For  at-  1 

tacks  requiring  some  deflection  other  than  pursuit  curve  attacks, 
such  as  attacks  being  made  on  other  bombers  in  the  formation,  : 

they  were  of  less  value. 

Computing  sights. — Some  sights  were  developed,  during  the 
war,  which  would  determine  the  correct  lead  for  any  type  of  *  - 
attack,  taking  into  account  in  each  particular  case  the  factors,  of 
altitude,  bomber  speed,  target  range,  and  the  rate  and  direction 
of  the  target’s  apparent  motion.  Such  sights  were  called  com¬ 
puting  sights.  Eventually  employing  the  gyroscope,  as  a  means  ! 

of  accurately  translating  rate  and  direction  of  movement  into  the  .•  j 
appropriate  gun  deflections,  these  sights  required  for  their  effec-  I 

tive  operation  the  setting  in  of  accurate  altitude,  bomber  speed*,  ! 

and  target  wingspan  data,  and  the  smooth  tracking  and  framing  j 

of  the  target  for  a  definite  interval  of  time.  With  such  a  sight, 
the  gunner’s  job  consisted  of  first  making  the  proper  settings,  i 

and  then  aiming  directly  at  the  target  and  smoothly  following  its 
course  (to  supply  direction  and  rate  of  motion  datafo  the  sight);. 
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Remotely  controlled  turret*.— In  some  of  the  bombers  produced 
toward  the  end  of  the  war,  a  system  of  remotely  controlled  gun 
turrets  was  adopted.  The  gunner  would  sit  at  a  sighting  station, 
from  which  he  washable  to  scan  an  area  of  the  sky  and  to  control 
the  action  of  one  or  more  gun  turrets  located  some  distance  from 
his  position.  This  type  of  gunnery  situation  had  the  advantage 
of  minimizing  the  effect  of  gun  vibration  on  the  gunner  s  aiming 
activities,  and  generally  made  the  gunner’s  lot  a  more  comfort¬ 


able  one. 

The  gunner’s  task  with  respect  to  this  type  of  equipment 
usually  consisted  of  loading  ammuntioii  into  the  turrets  and  mak¬ 
ing  routine  preflight  and  postflight  checks  of  the  system’s 
operation. 


Sights 

The  most  significant  contributions  to  the  gunner’s  aiming  prob¬ 
lem  were  made  by  the  sights  that  were  developed  for  his  use. 
Commencing  with  simple  devices  that  gave  the  gunner  a  mini¬ 
mum  of  assistance  in  arriving  at  ah  aiming  solution,  they 
eventually  were  designed  to  predict  with  some  certainty  the 
amount  and  direction  of  lead  required  for  various  attacks.  The 
judgmental  aspect  of  the  gunner’s  aiming  task  was  consequently 
gradually  superseded  by  complex  but  more  purely  perceptual  and 
motor  aspects. 

Following  are  descriptions  of  typical  sights. 

Iron  ring-and-post  sights.— The  simplest  type  of  sight  em¬ 
ployed  in  flexible  gunnery  was  an  elaboration  of  the  sights  found 
on  any  small  rifle.  These  sights  consisted  of  an  iron  ring,  usually 
containing  one  or  more  concentric  rings,  mounted  toward  the  rear ;- 
of  the  gun,  through  which  the  gunner  lined  up  the  target  with 
reference  to  the  beaded  top  of  an  iron  post  set  near  the  muzzle 
end  of  the  barrel.  Each  ring  was  usually  designed  to  represent  so 
many  mils 2  of  angular  distance,  and  by  reference  to  the  rings 
the  gunner  was  able  to  estimate  the  range,  measure  off  leads  or 
deflection,  and  track  the  target 

On  the  basis  of  mathematical  computations,  it  was  possible  to 
determine,  for  certain  typical  bomber  speeds  and  altitudes,  the 
approximate  lead  required  in  order  to  hit  an  attacking  plane  dur¬ 
ing  various  stages  of  its  pursuit  curve  flight.  Simple  rules  mak¬ 
ing  use  of  these  calculations  were  evolved  for  gunners  employing 
ring-and-post  sights.  The  lead  was  customarily  expressed  in 
terms  of  the  radius  dimension  of  the  innermost  ring.  Thus,  the 
lead  required  when  a  fighter  was  directly  abeam  of  the  bomber 


»  unit  of  angular  measurement  used  in  flexible  gunnery.  It  equal  to  appro: 
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and  in  an  attacking  position  was  expressed  as  three  sight  radii, 
or  "rads” ;  when  the  fighter  was  45°  from  the  bomber  (and  to¬ 
ward  the  bomber’s  tail) ,  the  lead  was  two  rads.  The  lead  would 
decrease  until  the  fighter  was  behind  the  bomber  and  no  lead  at 
all  was  necessary.  The  perceptual  problem  of  estimating  and 
setting  off  the  appropriate  rad  leads  was  impressively  difficult 

Optical  ring  sight. — The  optical  ring  sight  was -a  device  provid¬ 
ing  the  gunner  with  the  same  reference  features  described  for 
the  iron  ring-and-post  sight,  but  in  a  more  convenient  mariner. 
The  gunner  ranged,  aimed,  and  tracked  by  reference  to  rings 
projected  on  a  transparent  viewing  glass.  The  ringsy  seemed  to 
the  gunner  to  be  projected  into  space,  which  most  gunners  re¬ 
ported  as  facilitating  aiming  activities.  . 

Compensating  sights .• — In  order  to  relieve  the  gunner  from  the 
necessity  of  setting  off  the  appropriate  leads  during  a  pursuit 
curve  attack,  a  type  of  sight  known  as  a  compensating  sightNwas 
developed.  This  sight  permitted  the  gunner  to  aim  directly  at 
the  target  at  all  times  and  iriechanically  fixed  the  guns  in  position 
for  the  proper  lead.  Early  models  of  this  type  of  sight  were 
relatively  simple  in  construction  and  were  so  adjusted  as  to  set 
off  leads  for  only  one  set  of  typical  bomber-speed,  altitude,  arid 
ballistic  conditions.  Into  the  more  complex  sights  that  were  de¬ 
veloped  later  it  was  possible  for  the  gunner  to  set  the  crucial 
factors  of  his  own  speed  and  altitude,  arid  thereby  regulate  the 
amount  of  lead  allowed  for.  Compensating  types  of  sights  were  . 
useful  against  pursuit  curve  attacks,  and.  were  of  course  suitable, 
as  were  all  sights,  for  direct  head-on  and  tail  attacks.  For  at¬ 
tacks  requiring  some  deflection  other  than  pursuit  curve  attacks, 
such  as  attacks  being  made  on  other  bombers  in  the  formation, 
they  were  of  less  value.  “  ,  . 

Computing  sights. — Some  sights  were  developed,  during  the 
war,  which  would  determine  the  correct  lead  for  any  type  Of 
attack,  taking  into  account  in  each  particular  case  the  factors  of 
altitude,  bomber  speed,  target  range,  and  the  rate  and  direction 
of  the  target’s  apparent  motion.  Such  sights  were  called  com¬ 
puting  sights.  Eventually  employing  the  gyroscope,  as  a  means 
of  accurately  translating  rate  and  direction  of  movement  into  the 
appropriate  gun  deflections,  these  sights  required  for  their  effec¬ 
tive  operation  the  setting  in  of  accurate  altitude,  bomber  speed, 
and  target  wingspan  data,  and  the  smooth  tracking  and  framing 
of  the  target  for  a  definite  interval  of  time.  With  such  a  sight, 
the  gunner’s  job  consisted  of  first  making  the  proper  settings, 
and  then  aiming  directly  at  the  target  and  smoothly  following  its 
course  (to  supply  direction  and  rate  of  motion  data  to  the  sight). 
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while  at  ihe  same  time  continuously  adjusting  movau.o  «m»  v* 
sets  of  points  on  the  sight  finder  so  that  they  would  exactly, 
frame  the  target  as  its  apparent  size  changed.  This  operation 
supplied  range  information  to  the  sight  Computing  sights  in 
general  provided  the  gunner  with  the  greatest  amount  of  assist¬ 
ance  in  his  solution  of  the  aiming  problem.  ■  ' 

Radar  sighting  aids.- Radar  devices  were  Eventually  used  with 
certain  computing  sight  systems  to  supply  information  to  the 
sight  regarding  the  range  of  attacking  planes,  thereby  consider¬ 
ably  simplifying  the  gunner’s  task  by  eliminating  the  difficult 
framing  operation.  ,  . 


FLEXIBLE  GUNNERY  EFFECTIVENESS 

Having  pointed  out  the  difficulties  of  the  flexible  gunnery  aim¬ 
ing  situation,  and  briefly  having  described  the  equipment  sup¬ 
plied  the  gunner  to  assist  him  in  overcoming  these  difficulties,  it 
is  pertinent  to  devote  some  attention  to  the  actual  effectiveness  of 
gunners  in  using,  their  equipment  to  destroy  or  damage  attacking 
enemy  fighters.  ‘  '  • 

Some  of  the  best  gunnery  records  were  made  by  the  B-29 
gunners  operating  in  the  20th  and  21st  Bomber  Commands  in  the 
Asiatic-Pacific  Theater.  These  gunners  had  the  most  advanced 
gunnery  equipment  available  during  the  war,  and  had  the  advan¬ 
tage  of  flying  in  bombers  that  went  faster  than  all  other  heavy 
bomber  types,  thereby  somewhat  limiting  the  possibilities  for  ene¬ 
my  fighter  attacks.  The  following  report  was  submitted  by  one 
bombardment  wing,  summarizing  the  results  of  36  missions  over 
the  Japanese  mainland  prior  to  7  April  1945:  * 


Number  of  enemy  fighter  attacks  reported _ 5978. 

Number  of  enemy  aircraft  destroyed _  252. 

Number  of  enemy  aircraft  probably  destroyed _ * _ 171. 

Number  of  enemy  aircraft  damaged _ _ _  307. 


These  data  reveal  that  7.08  percent  of  all  enemy  aircraft  at-  ■ 
tacks  encountered  during  the  period  in  question  resulted  in 
destruction  or  probable  destruction  of  the  enemy  planes,  and 
that  13.9  percent  resulted  in  destruction,  probable  destruction,  or 
damage  of  the  enemy  planes. 

It  is  interesting  to  note  the  number  of  rounds  expended  to 
shoot  down  or  damage  attacking  fighter  planes.  During  a  B-29 
mission  cited  as  being  very  successful  in  the  report  referred  to 
above,  205,137  rounds  were  fired,  accounting  for  79  enemy  air¬ 
craft  destroyed,  23:  probably,  destroyed,  and  50  damaged.  Some 
of  these  rounds  were  expended  in  test  firing  of  the  guns,  but  in 

•7  MlMlon  R«^  Orderm  73,  He.dquarters,  73d  Bomb.rdmeot  Win*, 
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general  the  figures  reported  provide  a  picture  of  what  was  gen¬ 
erally  considered  to  be  combat  gunnery  at  its  best  •  ' 

The  difficulty  of  the  flexible  gunner’s  task  was  not  a  function 
solely  of  combat  conditions.  All  attempts  to  set  up  a  training 
situation  which  would  simulate  the  gunner's  combat  task  were 
hindered  by  the  fact  that  gunners  would  not  score  enough  hits  to 
enable  them  to  discover  what  their  correct  performance  should 
be.4  For  example,  a  most  realistic  simulation  of  combat  gunnery 
making  use  of  an  armor-plated  fighter  plane  at  which  the  gunner 
fired  special  projectiles  that  disintegrated  harmlessly  upon  con¬ 
tact,  proved  relatively  ineffective  as  a  training  and  scoring  device 
because  the  average  gunner  would  hit  the  attacking  plane 
(thereby  activating  an  electrical  scoring  system)  with  only  3 
percent  of  his  rounds.*  ' 

THE  GUNNER  AS  A  CREW  MEMBER 
/  '  . 

Although  the  aiming  and  shooting  activities  of 'the  gunner 

have  been  stressed  most  in  this  chapter,  bearing  as  they  do  most 
directly  on  the  accomplishment  of  his  ultimate  objective,  it  must,, 
not  be  supposed  that  his  duties  began  and  ended  with  these  ac¬ 
tivities.  Some  gunners  often  had  other  aircrew  responsibilities,  ’ 
such  as  navigating,  bombardiering,  and  airplane  maintenance. 
B-29  gunners  served  as  “eyes”  for  the  pilot  vand  flight  engineer, 
informing  them  of  control-surface,  landing  gear,  and  engine  con-, 
ditions.  Even  the  man  whose  only  job  was  gunnery,  however/ 
was  a  member  of  a  cooperative  fighting  team,  and  as  such  had  to 
be  familiar  with  a  variety  of  procedures  and  equipment 

Briefly,  a  gunner  had  to  be  proficient  in  the  use  of  interphone 
equipment,  oxygen  apparatus,  and  articles  of  electrically-heated . 
clothing.  He  had  to  know  how  to  administer  basic  first  aid.  He 
had  to  be  ready  to  parachute  from  his  plane  on  short  notice,  or- 
to  play  his  particular  role  in  the  event  of  a  forced  landing  on 
water.  He  was  expected  to  be  alertly  observant  at  all  times,  so 
as  to  be  able  to  give  accurate  and  pertinent  information  on  con¬ 
ditions  observed  during  a  mission.  _•  _ 

.  / 

SUMMARY  /, 

The  flexible  gunner’s  basic  job  of  shooting  at  a  rapidly  moving 
fighter  plane  from  his  own  rapidly  moving  bomber  was  a  difficult  * 
one,  resulting .  even  under  optimum  conditions  in  a  very  small 
percentage  of  hits.  For  the  accomplishment  of  his  job,  the  gun- 

*  Res  chapter  5  lor  a  further  discussion  of  this  fact  as  It  was  related  t©  the  establishment 
of  a  criterion  of  gunnery  success. 

•See  chapter  9  for  a  mors  complete  description  of  this  type  of  training. 
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•«nnHed  with  caliber  .50  machine  guns,  usually  mounted 
,er  wm  ^ppUed  witn  ca  #  o£  sights  were  supplied 

n  power-driven  turrets,  .  Droblem.  Much  of  his  time 

O  help  the  gunner  »W.«.  ““^tTmaklng  it  ready  for 

He  aL”ad  o  able  to  play  his  role  as  a  bomber 
oaibat  use.  ***{?*  mi„  umlsual  conditions  of  temperature 
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;rew  member* ... 
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CHAPTER  THREE _ 1 

The  Gunner 

Lt.  Gerald  R.  Pascal  . 


In  the  application  of  psychological  techniques  it  is  important 
to  know  the  characteristics  of  the  individual  to  whom  the  tech¬ 
niques  are  to  be  applied.  For  instance,  in  planning  a  training 
program  it  is  necessary  to  know  the  intellectual  level  and  educa¬ 
tional  background  of  the  prospective  students  so  that  courses*  of 
study  may  be  adjusted  to  their  abilities.  It  is  necessary  to  know 
something  of  their  age  and  adjustment,  so  that  problems  of  selec¬ 
tion  and  training,  can  be  placed  in  proper  perspective.  By  way 
of  introduction,  this  chapter  will  survey  briefly  materials  perti¬ 
nent  to  an  understanding  of  the  man  who  was  the  focus  of  the 
psychological  approach  to  the  problems  of  flexible  gunnery*  - 

I  ’ 

■1  THE  GUNNERY  STUDENT  t 

l  ,  .  *  *  v* 

The  Men.  Who  Were  Gunners 

*  . 

Below  are  several  brief  case  histories  of  men  who  were  gun¬ 
ners.  These  particular  case  histories  were  selected  and  con¬ 
densed  from  several  hundred  detailed  case  histories  of  men  back 
from  combat.  If  one  keeps  in  mind  that  there  were  notable 
deviations  from  the  mode  suggested  by  these  thumb-nail  sketches, 
they  will  serve  well  to  introduce  the  men  who  are  the  concern  of. 
this  report. 

f  __  -  «■  * 

Staff  Sergeant  Williams  was  born  in  0/ small  midwestern  town.  He  was 
24  years  old.  His  school  and  homelife  were  -happy  and  satisfying.  He 
graduated  from  high  school  and  expected  to  enter  an  engineering  college. 
However,  his  father  died  and  he  was  forced  to  help  support  the  family,  giv¬ 
ing  up  his  plans  to  attend  college.  Until  he  entered  the  Army  in  1941,  he 
worked  primarily  at,  wholesale  saleswork  for  a  nationally  known  cheese 
manufacturer.  During  the  period  between  leaving  and  entering  the  Army 
he  reported  that  he  was' active  socially  and  that  hunting,  fishing,  and  ice 
skating  were  his  major  hobbies.  Sergeant  Williams  was  severely  wounded 
on  his  fourth  mission. 

Sergeant  Augburg  was  22  years  old.  He  was  born  in  Austria  and  came 
to^the  United  States  with  his  parents  in  1924.  He  was  an  only  child.  Hi* 
parents  lived  in  a  small  town  in  Connecticut.  His  father  was  a  metal  pol¬ 
isher.  Sergeant  Augburg  completed  two  and  one-half  years  of  high  school. 
He  quit  high  school  to  attend  a  trade  school  for  an  additional  two  and  one- 
half  years  where  he  learned  printing.  Before  entering  the  Army  he  worked 
for  five  months  as  a  linotype  operator  earning  $1.48  an  hour.  He  was  a 
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member  of  th«  swimminy  te*ra  of  hi*  factory.  In  December  of  1942  he 
enlisted  in  the  Air  Corps.  He  was  flyio*  a*  armament  gunner  on  a  B-24 
and  was  on  his  74th  mission  over  the  Philippines  when  the  wing  was  shot  off 

his  plane.  He  bailed  out  and  was  taken  prisoner.  . 

Sergeant  Antoni  was  bom  and  reared  in  the  Bronx,  New  fork  City.  He 
was  23  years  old.  His  parents  were  born  in  Italy.  His  father  was  ownlr 
of  a  grocery  store  in  the  Bronx.  The  sergeant  was  next  to  the  youngest  in 
a  family  of  five  children.  He  graduated  from  high  school  and  then  took 
one  year  of  post  graduate  work  learning  typing,  stenography,  and  business  , 
machine  operation.  He  had  planned  to  go  to  college  but,  instead,  obtained 
a  Job  at  a  race  track  and  learned  to  be  a  jockey.  Sergeant  Antoni  success*  • 
fully  completed  his  missions  as  a  radio  operator-gunner  in  the  European 
Theater  of  Operations. 

.  Perusal  of  case  history  files  on  gunners  bears  out  the  rich  va¬ 
riety  of  American  family  backgrounds.  Gunners  varied  in  educa-  ' 
tion  from  incomplete  grammar  school  training  to  post-graduate 
college  training.  Intelligence  ranged  from  below  average  to  very  1 
superior.  Case  histories  serve  to  direct  attention  to  the  individual, 
but  in  order  to  get  a  more  comprehensive  picture,  some  statistical 
data  are  required.  . . 

Estimates  of  Gunner's  Intellectual  Level,  Education,  and  Age 

The  training  program  could  not  be  addressed  to  each  individual 
but,  for  the  sake  of  economy,  had  to  be  directed  towards  the  great 
majority  of  individuals  presented  for  training.  In  considering  * 
intellectual  level,  then,  it  was  important  to  know  the  average  • 
Army  General  Classification  Test  score  of  basic  gunners,  their  Me¬ 
chanical  Aptitude  Test  scores,  and  other  facts  which  served  to 
.  characterize  the  majority  of  gunnery  students. 

General  intelligence.  There  was  great  variation  in  the  Army 
General  Classification  Test  scores  of  men  in  basic  gunnery  schools. 
Although  the  lower  limit  for  gunners  was  set  at  85,  actually,  men 
with  even  lower  scores  sometimes  arrived  at  gunnery  schools;  but 

r  Z  “  ”Umber-  found  range  of  Army  General  ■ 
T<st  3corM  was  from  64  to  154,  for  a  population  of 

with  a  stanCnT'-  «he  T”  3C°‘e  fur  this  group  was  110.3 

Sts  hkW  W-3'  T1*  mean  ECOre  is  several 

P  nts  higher  than  the  mean  score  of  enlisted  personnel  in  the 

iS  13.1?  e’  The  distributi°»  °f  scores  is  illustrated  in  t 

apt^'ude'  Mechanical  Aptitude  Test  scores  varied  • 
wa  as^^rtr'  Chff*tian  Trat  -ores'enTthe  range 

meau  MXnica  °APlr^r„r:\!:^  ~  the 

a.  standard  deviation  of  14  3  S  '  3  f°Und .*»  bls  106-4>  with 
tion,  about  two-thirds  of  gnnneJvd  2 T '**'  the  T**  Varia‘ 
tion  Test  score  of  between  96  ird  i ‘i  '  4rmy  Gencral  Classifica- 
Test  score  between  92  and^/  Th esT  *  Mecbanical  AP«tude , 
better  than  scores  for  the  Army  popJSn Ta  wS.  n°tiCeab'y 
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Education.— -There  was  also  a  wide  variation  in  the  educational 
background  of  gunners  (see  table  3,1),  For  2,669  gunners  In  the 

Tab ix  3.1. — Educational  level'  of  gunnert:  percent  of  ex-combat  gunner • 
indicating  variout  lev  tie  of  educational  attainment  (N*"t,659,  training  air 
force  etatione,  latter  half ,  ‘44/  , 

Kducatlonal  level  Percent  attaining  level 


Less  than  8th  gradt _ _ _ 1.7 

Completed  8th  grade _ _ _ _ _ _ _ _ _ 8.1 

One  to  two  years,  high  school _ _ _ _ _ _ _ _ 18.0  • 

Three  to  four  years,  high  school _ , _ 60 JS 

One  year,  college _ _ _ __ _ _i _ 6.7 

•  Two  years,  college _ - _ _ _ _ _ 3.3 

Three  years,  college _ _ _ ^ _ _ _ • _ _ IJt 

Four  years  college _ _ _ _ _ _ 1 _ 1.1 

Some  post  graduate  work._ - • _  .1 


training  air  forces,  education  ranged  from  below  eighth  grade 
training  (1.7  percent)  to  graduates  of  colleges  (1.2  percent). 
Sixty  percent  reported  3  or  4  years  in  high  school  or  vocational 
school.  Relatively  few  gunners  had  an  education  beyond  high 
school,  only  12  percent  of  the  group  under  consideration.  The 
average  gunner’s  education  consisted  of  about  3  years  of  high 
school,  but  the  gunner  one  was  most  likely  to  meet  was  a  high 
school  graduate.1  •  ‘ *•  •  ■  - 

Age, — The  age  of  flexible  gunnery  students  was  limited  by  the 
nature  of  the  job  to  be  done  and  the  stringent  physical  qualifica¬ 
tions  for  aircrew  training.  For  two  classes  at  Tyndall  (42-40 
and  42-43)  and  one  class  at  Fort  Myers  (44-4);,  with  a  total  of . 
646  students,  age  was  found  to  range  from  18  to  37,  inclusive,  ' 
with  the  mean  age  of  23.5.  Relatively  few  gunnery  students  were 
over  30  years  of  age,  8  percent  of  the  groups  under  consideration. 
Seventy-three  percent  fell  between  the  ages  of  19  and  25.  • 

The  average  high  school  student  has  completed  the  11th  grade; 
which  was  the  average  school  grade  of  gunnery  students,  at  the 
age  of  17. '  The  mean* age  of  basic  gunnery  students  was  about 
23.5.  Then  it  follows  that,  on  the  average,  the  basic  gunnery 
student  had  been  out  of  school  for  6*4  years,  which  was  an  impor¬ 
tant  consideration  in  planning  a  training  program.  *  *  -  ' 

The  Gunner  In  Training  and  in  Combat .....  . .  - 

°  .si  ?■  >i  •*•  -w  ,  '  '  -  ■  t 

The  men  who  have  been  described  above  were  sent  through  an 
intensive  training  period  and  then  into  combat.  A  brief  descrip¬ 
tion  of  the  sequence  and  nature  of.  gunnery  training,  and  a  sketch 
of  what  combat  gunnery  was  like,  will  serve  to  provide  necessary 
background  for  understanding  research  materials  to  be  reported 
later.  -  ,  *  , 


lThIs  study  was  conducted  by  •  detachment  of  psychologist*  from  the  AAF  Training 
Command.  Personnel  of  this  detachment  were  subsequently  assigned  to  the  Office  of  the 
8urgeon,  Headquarters,  3rd  Air  Fore*. 
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Baric  training. — The  potential  gunner  arrived  at  basic  gunner/ 
school  after  having  attended,  for  several,  months,  one  of  .he  Air 
Forces  technical  schools,  and  was  rated  an  airplane  mechanic, 
radio  operator  mechanic,  or  armorer.  (Some  men,  called  career 
gunners,”  came  directly  to  basic  gunnery  school).  He  may  have 
been  drafted  into  the  army  and  sent  directly  to  gunnery  training. 
He  may  have  volunteered  for  gunnery  from  ground  duty  or  an¬ 
other  branch  of  the  service.  Or  he  may  have  been  disqualified 
for, or  eliminated  from  aviation  cadet  training  and  assigned  to  en¬ 
listed  aircrew  training.  Usually,  upon  arriving  at  the  reception 
pool  for  flexible  gunners  he  was  rated  a  private-first-class,  (if  he 
had  been  to  a  technical  school,  private  if  he  had  not) ,  with  the 
expectancy  of  becoming  a  corporal  upon  completion  of  basic  gun¬ 
nery  training.  ' 

In  gunnery  school  he  began  his  training  for  aerial  combat.  He 
learned  about  the  caliber  .50  machine  gun.  He  shot  at  skeet  birds 
from  the  ground,  from  trucks,  from  turrets.  He  went  to  lectures 
and  to  various  ranges.  He  learned  aircraft  recognition.  He 
learned  about  a  turret  He  practiced  on  various  synthetic  train¬ 
ers.  Finally,  he  arrived  at  the  air  phase  of  his  training.  He 
went  up  to  shoot  in  the  air.  He  shot  at  targets  towed  by  another 
plane.  He  learned  to  strafe.  He  shot  camera  film  at  attacking 
fighter  planes.  He  went  on  missions  at  high  altitudes,  learning  to 
use  his  oxygen  equipment  Meanwhile,  he  had  taken  many  tests, 
passed  several  phase  checks.  He  had  assembled  his  caliber  .50 
machine  gun  blind-folded.  He  had  demonstrated  he  could  detect 
malfunctions  in  it  He  had  shown  he  knew  his*  turret.  He  had 
made  a  qualifying  score  shooting  the  caliber  .50  gun  at  a  moving 
target  He.  had  arrived  at  the  final  comprehensive  examination. 
He  had  passed  it  One  day,  after  6  weeks  of  the  hardest  most 
concentrated  training  he  had  ever  had  in  his-life,  he  got  his  wings. 
He  was  a  gunner. 

Combat  crew  training . — After  basic  gunnery  training  the  aver- 
age  gunner  was  sent  to  one  of  the  training  air  forces  for  combat 
crew  training.  Here,  for  the  first  time  he  met  the  other  members 
of  his  crew.  Here,  for  the  first  time  he  began  to  get  the  feeling 
that  he  belonged.  He  was  subjected  to  further  months  of  train¬ 
ing,  in  flying  and  shooting  with  the  other  members  of  his  crew. 
Perhaps  he  was  assigned  to  a  gun  position  other  than  that  for 
which  he  was  trained,  or,  perhaps,  to  a  different  type  of  ship.  He 
had-to  learn  this  new  position,  and  possibly  a  secondary  gun  posi¬ 
tion.  Here,  he  learned  to  be  a  fully  responsible  crew  member.  If 
he  was  an  airplane  mechanic  he  had  also  to  be  that,  besides  being  a 
gunner  or  a  radio  operator,  or  the  airplane's  armorer.  He 
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learned  to  take  care  of  his  equipment  on  a  combat-equipped  alr- 
J  plane. 

?  Combat . — Overseas,  the  gunner  often  had  many  more  weeks  of 

training  Before  his  first  combat  mission.  There  were  weeks  of 
practice,  weeks  when  he  had  to  learn  about  the  conditions  of  his 
combat  theater,  weeks  when  he  had  to  become  proficient  in  the 
exercise  of  his  skill.  He  learned  to  prepare  for  missions  with 
care.  He  learned  tactics,  those  of  his  own  bombers  and  those  of 
enemy  fighters. 

Then  one  day  he  was  briefed  for  his  first  combat  mission.  He 
had  prepared  his  equipment  He  had,  mentally,  accepted  the  haz¬ 
ards  of  combat  ' 

He  left  the  comparative  security  and  comfort  of  his  base. 
Usually  he  had  hours  of  waiting,  constantly  on  the  alert  hours  of 
boredom,  even,  to  overcome,  tedious  hours  while  his  airplane 
droned  on  to  a  distant  target.  If  the  mission  was  at  high  altitude, 
he  had,  in  addition,  to  endure  the  physical  discomforts  of  sub-zero 
weather  and  the  constant  threat  of  oxygen  deprivation.  After 
hours  of  inactivity,  he  had  to  exercise  split-second  judgment  and 
precise  psychomotor. control  to  meet  enemy  fighter  attacks.  He 
had  to  withstand  the  frustration  of  seeing  flak  burst  in  and  around 
his  airplane,  watch  helplessly  while  bombers  of  his  formation  went 
down.  He  had  to  learn  to  react  rapidly  and  precisely  after  hours 

of  waiting,  if  he  was  to  perform  his  combat- job  satisfactorily;  ‘ 

I  " 

The  Motivation  of  Gunners  *•  '  >’* 

•i  . 

The  materials  above  Indicate  in  broad  outline  something  of  the 
abilities  and  the  background  of  gunners  and  something  of  the 
experience  of  gunners  in  training  and  in  combat.  There  remains 
one  factor,  important  for  the  understanding  of  the  research  to  be 
reported,  and  that  is  the  motivation  of  gunners.*  4 

The  gunners'  concept  of  their  job.— Students  in  the  basic  course 
at  Buckingham  were  asked  to  write  their  opinions  about  gunnery. 
These  comments  were  anonymous  and  illustrated  well  the  nature 

and  range  of  gunners'  concept  of  their  job.  • 

}  ***■’* 

Today  was  my  first  day  of  attendance  as  a  gunnery  student  at  this  school. 
On  the  basis  of  what  I've  seen  this  first-day,  I  feel  this  training  is  going  to 
be  the  best  The  classes  are  semi-informal.  The  instructors  are  regular 
fellows,  and,  not  for  one  moment  can  the  student  fee!  that  the  instructor  isn't 
well-versed  in  his  subject  Flattersome  ns  hell,  isn't  it?  Yet,  those  ere 
really  my  first  hand  impressions  of  the  school.  But,  I  have  one  irksome  gripe, 
and  I'm  not  alone  in  feeling  the  injustice  of  it  Been  a  corporal  for  nigh 
onto  2  years.  Went  through  6  months  of  training  as  an  air  cadet  was  elimi¬ 
nated  at  basic  flying  school  in  February  1943.  Returned  to  previous  rating 
of  a  corporal,  was  reclassified,  and  sent  to  Scott  Field  for  ROM.  Graduated 
from  that  and  finally  after  numberless  delays  all  along  the  line,  find  myself 
a  student  at  gunnery  school,  and  a  corporal  (still). 

•The  attitudes  and  adjustment  of  gunners  will  be  discussed  In  detail  In  Chapter  10; 

703326— 47—3 
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Frankly  speaking  I  never  did  give  a  damn  for  radio,  code,  etc.,  and  now 
gunnery,  which  I  despiae.  Waa  an  aircraft  mechanic  for  year*,  desiroua  of 
being  an  AM  and  here  I  am  in  thia  damned  outfit  Of  course  the  army  is 

I  want  to  fly  more  than  anything  else  in  the  world.  I  was  disqualified  as 
a  cadet  which  disappointed  me  greatly.  When  I  learned  that  I  would  have 
to  go  to  gunnery  I  was  glad  to  be  part  of  the  bes£  combat  crew  in  the  world. 
My  one  objection  is  the  rating.  I  think  every  man  who  is  good  enough  to  he 
on  a  flying  crew  is  good  enough  to  be  a  flight  officer.  A  whole  crew’s  life  de- 
pends  on  each  individual. 

I  think  you  would  have  better  students,  a  better  school  and  better  gunners 
if  it  were  made  a  voluntary  move.  I  am  not  the  least  mechanically  Inclined 
and  have  no  desire  to  fly.  Personally,  I  am  convinced  I  am  better  suited  and 
would  be  much  more  credit  to  the  army  in  one  of  the  two  or  three  lines  I  am 
better  suited  for. 

When  I  entered  the  Army  they  told  me  I  was  physically  fit  to  be  a  flexible 

Sinner.  Since  then,  two  of  my  best  friends  have  been  killed  in  the  Royal 
anadian  Air  Force.  I  want  to  get  a  chance  to  kind  of  pay  off  the  lousv 

— - that  caused  all  this  trouble.  7 

I  do  want  to  be  a  gunner.  There’s  nothing  I’d  rather  be,  and  that  includes 
pilot  To  me,  a  gunner  is  the  backbone  of  a  mission,  the  protector  of  the 
pilot  and' the  crew.  Without  him,  the  mission  would  fail  miserably. 


Motivation  varied. — There  was  much  variability  in  motivation, 
as  is  nearly  always  true  in  such  circumstances.  Some  men  were 
proud  to  be  gunners  and  worked  hard  at  being  good  gunners; 
more  men  were  willing  to  make  the  best  of  a  situation  not  too 
much  to  their  liking;  others  were  apathetic,  indifferent;  a  few 
were  hostile  and  actively  sought  to  get  out  of  gunnery.  Further 
attitudes  and  motivation  varied  with  time  and  with  place  of  a* 
signment  In  the  earliest  days  when  all  gunners  were  volunteers 
it  is  said  by  gunnery  experts  that  motivation  was  intense,  only  to 
fall  off  when  men  were  ordered  into  gunnery  training  without 
•  f*gardJ°  th«r  wishes.  Motivation  took  a  downward  drop  when 
the  ratmgs  given  to  gunners  upon  graduation  from  basic  school 
gradually  lowered  from  staff  sergeant,  to  sergeant,  to  corp- 
Z  l'h*  r  •  Pnvate*first<Ias« «  Attitudes  became  more  f avoraWe 

80110018  88  the  course  of  training  was 

Z  :  !Tre  generalIy  more  unfavorable  in  the  train- 

ing  air  forces  where  the  gunner  was  neglected  in  favor  of  the  pilot, 

bombardmr,  navigator.  Attitudes  improved  when,  in  early  1945^ 

“FOr“  WCre  transferred  to  the  Ground [  FowS 
n  a  few  overseas  groups,  particularly  in  B-29  outfits  eunners 
were  reported  as  alert  and  "on  the  ball”-  in  ’  ^  5”  • 

gumiers  were  held  to  be  lacking  in  a  desire  to  do  their  Sbswdl 

jzzsz, mu? 

ft  -tot  Have  been ^ZZusZm  ? 

gunnery  maximally  effective  The  have  been  to  make 

tude3  of  gunners  -*n  train?  ‘  P!  difference  between  the  attir 

Cadets  ^  striki"*' 

working  toward  a  Job  that  car, S‘LeTt  ^ 

wards.  Gunners  were  genera,, y  cas££ 


26 


as  most  people  are  motivated  when  they  are  given  a  fairly  impoiv  • 
tant  job  to  do,  and  they  were  working  for  a  job  that  carried  leaa 
prestige  and  fewer  rewards.  That  these  differences  extended  > 
through  combat  is  evident  in  the  fact  that  only  62  percent  of  gun¬ 
ners  were  favorable  in  some  degree  towards  return  to  combat^ 
whereas  80  percent  of  the  commissioned  aircrewmen  expressed 
some  willingness  for  a  second  tour., '  ’  * 

Two  major  causes  of  low  motivation.—! Though  one  may  be  sure, 
that  there  were  many  complex  factors  operating  in  the  motivation 
of  gunners,  there  are  two  factors  which  may  be  identified  as  gen¬ 
erally  contributing  to  low  motivation. 

First,  the  status  of  gunnery  in  the  Air  Forces  was  uncertain. 
Although  the  number  of  men  required  for  flexible  gunnery  was  a 
sizeable  percentage  of  the  men  trained  by  the  Air  Forces,  emphasis 
on  the  training  of  flexible  gunners  came  relatively  late.  Flexible 
gunnery  was  at  first  relegated  to  a  minor  role,  as  compared  with 
other  types  of  training,  but,  later,  with  increasing  awareness  of 
its  importance,  it  was  given  high  priority.  Then  the  gunnery 
program  swung  into  action  with  an  intensity  which  left  little  time 
for  mature  consideration  of  such  intangible  problems  as  motiva¬ 
tion.  The  gunner  was  sometimes  considered  important^  some¬ 
times  not;  his  significance  to  the  success  of  combat  sometimes 
crucial,  sometimes  inconsiderable.  His  job  varied  with  equips  ’ 
ment  and  the  theater  of  operation. 

Second,  there  were  inherent  in  the  gunner’s  job  conditions  which 
militated  against  the  development  of  motivation  and  confidence. 
The  gunner  was  handicapped  by  a  lack  of  a  reliable  criterion 
against  which  he  could  measure  his  proficiency.  Gunners  seldom 
knew  whether  they  were  good,  poor,  or  indifferent  with  respect 
to  their  jobs.  This  fact  worked  contrary  to  all  that  is  known 
about  the  importance  of  knowledge  of  achievement  in  a  situation 
where  strong  motivation  to  master  a  difficult  task  is  required. 

From  these  two  general  conditions,  there  evolved  many  of  the  ' 
specific  circumstances  which  reduced  motivation  and  contributed 
to  low  morale  among  gunners,  • 

SUMMARY  AND  CONCLUSIONS 

v 

This  chapter  began  with  a  quick  look  at  background  material  ' 
from  which  to  consider  various  facets  of  the  gunner’s  make-up. 
Data  presented  have  indicated  that  the  gunner  was  an  average 
young  American,  about  23  years  old  with,  typically,  a  high  school 
education,  and  was  somewhat  above  average  in  intellectual  endow¬ 
ment.  He  came  from  all  parts  of  the  country  and  from  all.  walks 
of  life.  What  had  been  considered  a  highly  specialized  task,  only 
open  to  selected  volunteers,  was  accomplished  by  draftees,  average 
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American  youth.  The  presence  of  a  large  group  of  gunners  who 
were  relatively  unmotivated  to  do  their  best  in  training  for  their 
job  is  pointed  out  How  much  more  efficient  the  gunner  might 
have  been,  how  many  more  lives  might  have  been  saved  had  he 
been  well  motivated  throughout  training  and  combat  these  ques*  ! 
tions  form  the  core  of  the  problem  of  motivation,  a  problem  real-  < 
ized,  but  a  problem  which,  due  to  the  exigencies  of  the  situation, 
had  to  remain-relatively  untouched. 

‘  -  ■  .  •  ■  • 

•  *  *  *  i  •  *  ,  ;  ,  •  *  * ,  **  *  -  .. 
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CHAPTER  FOUR— _ _ _ _ _ 

* 

'  ‘  ,  I  *  * 

The  Role  of  Psychologists  in  . 
Flexible  Gunnery  Research  . 


Maj.  Nicholas  Hobbs  •'  .  r'  ’ 


INTRODUCTION  .  -  i  ^ 

Research  in  flexible  gunnery  was  started  by  psychologists. 
They  were  few  in  number,  at  first,  and  their  research  mission  was 
confined  to  the  problem  of  improving  techniques  for  the  selection 
of  basic  gunners.  Gradually  demands  oh  research  increased,  for 
the  job  of  the  flexible  gunner  presented  many  new  problems  for 
which  there  was  no  accumulation  of  experience-wrought  solutions. 
The  mission  of  psychological  research  was  broadened  to  include 
problems  of  training,  and  additional  psychologists  were  assigned . 
to  duty  in  gunnery.  '  Other  scientifically  trained  personnel,  mostly 
physicists  and  mathematicians,  were  added  to  the  staff  of  the  Cen- 
tral  School  to  work  on  problems  of  gunnery  theory  and  technique. 
Engineers  were  called  in  to  work  on  equipment  and  on  training 
devices.  Later,  writers,  artists,  and  publications  men  were  as¬ 
signed  to  the  Central  School.  It  was  their  job  to  make  gunnery 
simple  and  easy  to  understand  through  textbooks,  pamphlets,  and  • 
posters,  through  films  and  film  strips.  Finally,  there  was  in  re¬ 
search  a  group  of  men  whose  special  qualification  was  that  they , 
knew  gunnery  thoroughly.  *  .  ‘ 

This  report  is  not  a  full  chronicle  of  the  achievements  of  all  of 
these  men.  The  nature  of  the  series  of  reports,  of  which  this 
report  is  one,  demands  that  the  account  be  limited  to  work  of  a 
’  psychological  nature.  Although  the  work  to  be  reported  in  the 
following  chapters  is  concerned  only  with  the  psychological  as¬ 
pects  of  research  in  gunnery  it  is  evident  that  many  people,  not  all 
of  whom  were,  psychologists,  contributed  to  the  work.’-,:  , 

As  a  background  for  this  report  it  will  be  helpful  to  know  some¬ 
thing  about  the  organizations  which  provided  a  framework  for 
research  in  gunnery  and  to  know  something  about  the  defined 
missions  of  these  organizations. 
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ORGANIZATIONS 

Early  R march  OrganlaaUona  In  Flexible  Gunnery 

The  three  original  research  detachments.-- In  September  of 
1942,  three  em»H,  detachments  of  psychologists  were 
Vegas,  Harlingen,  and  Tyndall  for  the  purpose  of  administering  a 
battery  of  aptitude  tests  on  the  basis  of  which  a  few  gunners  from 
each  graduating  class  would  be  recommended  for  training  as  low- 
altitude  bombardiers.  In  addition  to  outlining  procedures  for 
testing  prospective  bombardiers,  the  directives  issued  to  these  de- 
tachments  provided  for  exploratory  work  on  the  problem  of  de¬ 
veloping  an  aptitude  test  for  the  selection  of  men  to  be  trained  as 
gunners.  Thus  the  first  research  project  in  gunnery  was  quite 
narrowly  defined.  The  work  of  these  three  groups  was  termi¬ 
nated  in  December  1942.  However,  interest  in  psychological  re¬ 
search  had  been  stimulated,  and  gunnery  officials  requested  that 
the  work  be  continued. 

Psychological  Research  Detachment  (Gunnery). —To  carry  on 
the  work  which  had  been  initiated,  personnel  were  drawn  from 
each  of  the  three  original  detachments  and  assigned  to  the  Psycho¬ 
logical  Research  Detachment  (Gunnery)  which  was  activated 
on  1  March  1943.  This  detachment  was  stationed  at  Buckingham 
and  worked  in  closest  affiliation  with  the  Instructors  School.  Its 
mission,  somewhat  more  broadly  defined  than  the  mission  of  the 
original  detachments,  was  stated  as  follows:  * 

The  detachment  shall  continue  the  .work  already  started  on  improving  the 
procedures  for  the  selection  of  flexible  gunners.  It  will  administer  a  recently 
constructed  aptitude  test  for  flexible  gunners  for  the  purpose  of  establishing 
norms  and  obtaining  other  needed  research  data.  The  detachment  will,  front 
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directed  toward  increasing  its  efficiency  in  tne  selection  of  gunners. 

Since  intelligent  selection  of  gunnery  students  is  intimately  connected  with 
determining  accurately  the  relative  success  in  schoolof  students  selected,  the 
detachment  will  do  research  directed  toward  achieving  uniform  and  reliable 
measures  of  success  in,  academic  work,  ground  range  firing,  and  air-to-air 
firing  at  all  the  gunnery  schools.1 

Psychological  Research  Unit  Number  1-1. — The  gunnery  re¬ 
search  detachment  worked  for  a  period  of  approximately  6 
months,  laying  the  groundwork  for  much  of  the  research  that  is 
the  substance  of  this  report.  During  this  time,  psychological 
research  gradually  became  established  as  an  essential  activity  in 
the  gunnery  training  program.  The  temporary  detachments 
evolved  into  a  permanent  unit,  which  was  designated  Psychologi¬ 
cal  Research  Unit  No.  11.  This  transition  is  best  pictured  in  the 
^  following  quotation  from  a  letter  from  the  Commanding  General 

«yjDf  Command,  dated  17  February  1943,  Subject: 

E  tabli«bm*nt  ot  P»yeholo*tc*l  Reeearch  Detachment  at  Central  Ounnery  Jnatructora  School 
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of  the  Army  Air  Forces  Training  Command,  which  defined  the 
mission  of  the  new  unit:  , 

Thert  h«»  been  in  existence,  since  1  March  1943,  at  Buckingham  Army  Air 
Field,  Fort  Myers,  Florida,  a  Psychological  Research  Detachment  (Gunnery).  1 
composed  of  psychologically  trained  officers  and  enlisted  men  on.  detached 
service  from  the  Psychological  Research  Units  of  the  three  Flying  Training 
Commands.  The  research  program  conducted  by  this  Detachment  has  been 
eminently  successful  in  that  important  steDs  toward  improving  the  effective¬ 
ness  of  flexible  gunnery  training  have  resulted  from  its  efforts.  With  the  re¬ 
cent  expansion  of  the  gunnery  training  program  there  is  warranted  further 
emphasis  upon  work  of  the  type  conducted  by  the  Detachment.  To  this  end 
Psychological  Research  Unit  No.  11  (Gunnery)  was  activated,  it  being  the 
intention  that  the  personnel  of  the  Detachment  form  the  nucleus  of  the  new 
Unit  and  that  the  Director  of  the  Detachment  be  designated  Director  of 
Psychological  Research  Unit  No.  11  (Gunnery). 

The  mission  of  the  Unit  may  be  broadly  defined  as  follows:  To  conduct  re-  , 
search  on  psychological  aspects  of  problems  having  to  do  with  improving  the 
effectiveness  of  flexible  gunnery  training  methods  and  increasing  efficiency  of 
performance  of  the  gunner. 

.Specifically,  it  is  desired  that  the  Unit:  >•  ■  ' 

a.  Work  towards  the  establishment  of  adequate  criteria  of  proficiency  of 

gunners.  * 

b.  Construct  and  administer  tests  of  achievement  and  performance  for 
purposes  of  evaluating  the  efficiency  of  various  gunnery  training  procedures, 
conduct  experiments  upon  the  effectiveness  of  various  gunnery  training  pro¬ 
cedures  and  devices,  and  propose  improved  methods  of  training  in  conformity  • 
with  psychological  principles  of  efficient  learning. 

c.  Develop  methods  of  selecting  instructors  for  the  flexible  gunnery  train¬ 

ing  program  and  of  selecting  students  for  the  Central  Flexible  Gunnery  In¬ 
structors  School.  '  „ . 

.  d.  Continue  work  on  the  construction  and  validation  of  an  aptitude  test  for 
flexible  gunners. 

It  u  intended  that  the  Unit  serve  as  a  research  organization  for  all  the 
flexible  gunnery  schools.  Officials  of  the  gunnery  training  program  should' 
be  given  full  opportunity  to  call  upon  the  Unit  to  perform  special  research,  as 
the  need  arises,  and  they  should  cooperate  in  facilitating,  accomplishment  of 
the.  mission  of  the  Unit  as  outlined  above.  However,  the  Unit  should  con¬ 
fine  its  ,  activities  to  research,  and  developmental  work  and  should  not  under¬ 
take  operational  activities.* 

It  should  be  noted  that  the  provisions  of  this  directive  consider-.  ’ 
ably  enlarged  the  scope  of  psychological  research  in  gunnery.  ■ 
This  statement  of  the  mission  of  Unit  No.  11  provides  an  adequate 
definition  of  the  objectives  of  the  work  of  psychologists  in  gun-  - 
nery  throughout  the  war. 

The  period  of  coordinated  research. — The  work  of  Psychological 
Research  Unit  No.  11  was  supplemented  by  the  work  of  two  other 
sections  which  were  a  part  of  the  .Instructors  School.  The  first  of 
these,  designated  the  Proof  Section  was  stalled  by  gunnery  ex¬ 
perts,  who  were  concerned  primal  fly  with  improving  equipment 
and  devices  used  in  gunnery  trainir;,'.  The  second  of  the  two  sec¬ 
tions  was  designated  the  Analysis  r.id  Planning  Section.  It  was 
staffed  by  civilian  mathematicians  a\  d  physicists,  who  were  con¬ 
cerned  for  the  most  part  with  the  thi  oretical  solution  of  sighting 
problems.  Although  Psychological  1’jsearch  Unit  No.  11  was  not’ 

-  -  ~  *  »  , 

*  letter.  Headquarters,  AAF  Training  Command,  Cited  23  October  1943,  Subject:  Mtwtoa 
o(  Psychological  Research  Unit  No.  11  (Gunnery). 
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directly  under  the  Commanding  Officer  of  the  Instructors  School, 
local  administrative  arrangements  were  made  for  the  director  of 
the  Unit  to  serve  as  Coordinator  of  Research.  This  arrangement 
assured  the  integration  of  research  activities  in  gunnery.  These 
two  sections  and  the  Psychological  Unit  developed  into  the  Re¬ 
search  Division.  *  ;• 

•  *  •  .  ,  .  • 

The  Research  Division 

With  the  establishment  of  the  Central  School  for  Flexible  Gun¬ 
nery  in  May  1944,  increased  emphasis  was  placed  upon  rese&t'ch 
in  gunnery.  The  personnel  of  Psychological  Research  Unit  No. 
11  were  assigned  to  the  Central  School,  and  all  research  activities 
were  consolidated  into  one  department  which  was  designated  the 
the  Research  Division.  Since  much  of  research  to  be  reported 
in  subsequent  chapters  was  done  by  psychologists  working  within 
this  organizational  framework,  the  organization  of  the  Research 
Division  will  be  described  in  some  detail.  The  organizational 
chart  indicates  by  asterisks  sections  to  which  psychologists  were 
assigned.  (See  figure  4.1.) 

The  Research  Division  was  organized  into  eleven  sections,  the 
composition  and  functions  of  which  are  indicated  below. 

The  Research  Planning  Board. — The  Research  Planning  Board 
was  composed  of  a  few  officers  and  enlisted  men,  competent  in 
gunnery  theory  and  in  research  techniques,  who  served  in  an  ad¬ 
visory  capacity  to  the  supervisor  of  research,  assisting  in  the 

planning  of  research  projects  andi  in  the  review  of  the  results  of 
research. 

The  Headquarter ,  Section— Tl.e  personnel  of  the  Headquarters 
Section  discharged  routine  administrative  duties  of  the  organi- 
zatlon. 

The  Analysis  Section.— The  Analysis  Section  was  composed  of 
civilian  mathematicians  and  physicists.  These  men  worked  pri- 

sichM^1Pl  •  m3  °f  g,unnery  theory>  S“«l>  as  the  development  of 

a"d  the  detern,i"ation  of  the  theoretical  ad-- 
equacy  of  various  types  of  sights. 

The  Proof  Section.-^  Proof  Section  was  staffed  by  gunnery 
exper  ,  engineers,  and  psychologists,  who  worked  primarily  on 
taming  devices  and  procedures.  Suggested  train”rices! 

the  Proof ^ction^rom 'the6 stamlpoin^of  1 

theoretical  adequacy  as  training  detfc‘£  mechamcaI  and 

Curriculum  Development  Section  to./*  .  » 

ment  section  was  composed  0/ 

nrrjof,,  mv.*  .»  ®  experts  and  a  few  psycho!- 

Ogists.  This  section  was  concerned  with  the  PreM™c! 
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ricutuma,  lesson  plans,  training  standards,  and  the  materials  for 
the  Gunner's  Information  File. 

The  Curriculum  Evaluation  Section . — This  section  was  com¬ 
posed  almost  entirely  of  psychologists.  Its  purpose  was  to  pro¬ 
vide  for  the  systematic  and  continuous  evaluation  of  gunnery 
training  programs. 

Psychological  Teste  Section. — The  Psychological  Teats  Section 
was  staffed  primarily  by  psychologists.  This  section  was  respon¬ 
sible  for  the  development  of  selection  tests  for  basic  gunners,,  for 
gunnery  instructors,  and  for  gunnery  officers.  It  developed 
achievement  tests  for  all  basic  gunnery  schools  and  for  the  In¬ 
structors  Course.  It  was  also  responsible  for  the  development  of 
the  phase  checks  which  were  used  in  all  gunnery  installations  in 
the  Army  Air  Forces. 

Validation  Section. — -The  validation  section  was  staffed  by  psy¬ 
chologists,  who  were  concerned  with  the  psychological  evaluation 
of  gunnery  training  devices  and  procedures.  Studies  of  the  re¬ 
liability  and  the  validity  of  scores  achieved  by  gunnery  students 
through  a  particular  type  of  practice  were  normally  conductecTby 
this  section.  - 

Technical  Statistics  Section.— The  technical  statistics  section 
was  staffed  by  psychologists  and  statisticians.  They  were  con¬ 
cerned  with  the  analysis  of  data  provided  by  other  sections  in  the 
Research  Division. 


Publications  Section. — The  publications  section  was  composed 
of  professional  writers,  artists,  and  production  men.  This  group 
was  responsible  for  the  publication  of  all  training  materials  de- 
vetoped  by  Die  Research  Division,  including  the  Gunner’s  Informa¬ 
tion  I*  He,  the  phase  checks,  various  examinations,  and  sundry 
pamphlets  and  posters. 

The  Facilities  Section.— The  facilities  section  was  responsible 
f0rJh7dmimstrat!on  °.f  funds,  supply,  material,  and  equipment 
The  rccy/w  — As  is  evident  from  the  above,  the  personnel  of  the 
Research  Division  were  grouped  according  to  their  special  qualifi¬ 
cations  and  according  to  types  of  activities.  Thus  one  section 
was  responsible  for  examinations,  another  for  lesson  plans,  an¬ 
other  for  evaluation  of  trainers,  another  for  publication  of  train¬ 
ing  aids.  To  coordinate  the  work  of  the  various  sections  for 

IaT  Jn  SCope’  several  individuals  were 
formed  into  teams  and  charged  with  the  overall  planning  of  a 

particular  course  of  training.  Teams  to  plan  training  for  B-29, 

A~™>  &-3Z,  and  radar  gunners  were  established. 


Cooperating  Research  and  Developmental  Group* 

Although  the  Research  Division  was  the  focal  point  for  research 


34 


in  gunnery,  there  were  other  groups  which  were  concerned  with 
gunnery  problems.  Some  of  these  problems  involved  research  of 
a  psychological  nature,  such  as  the  development  of  rules  for  the 
use  of  sights  where  the  perceptual  ability  of  gunners  was  of  crit¬ 
ical  concern.  Other  problems  were  of  psychological  interest 
though  no  research  was  immediately  involved,  such  as  the  produc¬ 
tion  of  a  motion  picture  on  techniques  for  administering  gunnery 
performance  tests.  In  table  4.1  are  indicated  some,  of  the  more 
important  groups,  outside  of  the  Aviation  Psychology  Program, 
which  were  interested  in  gunnery  problems  having  some  psycho¬ 
logical  significance.  Personnel  of  the  Research  Division  coop¬ 
erated  with  these  research  and  developmental  groups  in  the  types 
of  activities  indicated.  '  * «  ‘ 


The  Role  of  Psychologist*  *  ' 

In  a  comprehensive  research  program,  the  goal  of  which  is  to 
improve  the  functioning  ability  of  people  on  a  job,  psychologists 
may  productively  serve  to  tie  together  the  work  of  various  tech¬ 
nical  groups  and  give  their  efforts  fruitful  orientation.  Such  was 
the  case  in  gunnery  research.  This  role  of  psychologists  in  gun¬ 
nery  may  have  been  a  fortuitous  outcome  of  the  fact  that  psychol¬ 
ogists  were  on  the  job  first  and  that  they  outnumbered  other 
specialists  for  a  period  of  time.  Such  a  possibility  must  be  rec¬ 
ognized.  However,  it  is  believed  that  there  is  much  validity  in 
the  opinion  that,  where  the  efforts  of  various  technical  groups  are 
concerned  with  problems  of  increasing  the  operational  efficiency 
of  people  and  of  the  tools  with  which  they  work,  psychologists  can 
make  a  unique  contribution  in  clarifying  the  issues  of  the  problem 
being  studied  and  in  focussing  efforts  of  the  group  on  critical 
aspects  of  the  research  undertaking.  :  ;  .vw . 


SUMMARY 


Research  in  gunnery  was  started  by  psychologists  assigned  to 
small  detachments  whose  research  mission  was  to  develop  tests  for 
the  selection  of  gunners.  In  time,  the  detachments  were  consoli¬ 
dated  into  Psychological  Research  Detachment  (Gunnery),  which 
worked  in  close  affiliation  with  the  Instructors  School.  The  mis¬ 
sion  of  psychological  research  was  broadened  to  include  studies 
directed  toward  the  improvement  of  training,  and  somewhat  later, 
the  work  was  assured  of  some  permanence  by  the  establishment  of 
Psychological  Research  Unit  No.  11.  The  mission  of  this-  unit 
was  stated  broadly  as  follows:  •  x  >• 


To  conduct  research  on  psychological  aspects  of  problems  having  to  do 
with  improving  the  effectiveness  of  flexible  gunnery  training  method*'  and 
increasing  efficiency  of  performance  of  the  gunnc-r. 
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This  statement  serves  well  as  a  definition  of  the  objectives  of 
pschological  research  in  gunnery  throughout  the  war.  Other 
types  of  research  and  developmental  activities  in  gunnery  were 
initiated  by  mathematicians,  physicists,  engineers,  writers,  artists, 
and  gunnery  experts  who  were  assigned  to  the  Instructors  School. 
In  the  last  year  of  the  war,  the  activities  of  all  research  and  de¬ 
velopmental  personnel  at  the  newly  organized  Central  School  for 
Flexible  Gunnery  were  combined  into  one  organization  which  was 
designated  the  Research  Division.  The  viewpoint  is  advanced 
that  psychologists  played  an  important  role  in  providing  orienta¬ 
tion  for  much  of  the  work  of  the  various  technical  groups  in  the 
Research  Division.  ' 


Table  4.1. — Organization s  outside  of  aviation  psychology  program  with  which 
gunnery  psychologists  cooperated  in  research  and  developmental  work 

Organisation  ,  .  Nature  of  work  ‘  1 

*  *  :• 

1.  NDRC,  University  of  Experimental  work  on  the  design  of  flex* 

Wisconsin  Project,  La-  ible  gunnery  equipment.  ;■ 

redo.  >  «  *  - 

2.  NDRC,  California  Insti-  Development  and  evaluation  of  the  Fir- 
tute  of  Technology  Proj-'  ,  ing  Error  Indicator. 

/net,  ■  ■  .  ■  ■  ■  .  ■  :  '  *.:•  •  ' 

3.  NDRC,  Voice  Communi-  Preparation  of  instructional  materials  on 

cation  Laboratory,  Waco,  ■  use.  of  interphone.,  . 

Tex....  -  ...  ■  .  .  .... 

4«.  NDRC,  Applied  Mathe*  Development  of  rules  for  support  Are, 

matics  Panel,  Columbia  and  similar  problems. 

University.  .  •  .  i  ,  :  ’  *  ; 

5.  NDRC,  Statistics!.  Rer  .  Experiments  on  bullet  dispersion  and 

search  .Group,,  Columbia  evaluation  of  sights.  .  . 

University. 

6.  -NDRC,  Airborne  Fire  Planning  for  new  sighting  equipment  for 

Control  Committee.  gunnery.  * 

■7.  NDRC,  Radiation.  Lab-  Evaluation  of  radar  equipment  and 
oratory  Massachusetts  trainers. 

Inst,  of  Technology.  *  #  , 

8.  NDRC,  Franklin  Insti-  Selection  and  training  of  gunners  for 

tute,  Philadelphia,  and  sight  evaluation  experiments. 

University  of  Tex;  .... 

9.  Operational  Analysis  Sec-  Exchange  of  information  on  gunnery  tac¬ 
tions,  various  combat  the-  tics  and  techniques. 

•  aters. 


10.  AAF  School  of  Applied  Development  of  sighting  doctrine  and 
Tactic*,  Orlando  Amy  evaluation  of  B-29~trainer. 

Air  Base,  Fla.  ;  . 


11.  AAF  Proving  Ground 
Command,  Eglin  Field, 
Fla. 


Studies  of  gunnery  equipment,  princi¬ 
pally  of  sights.  .  . ,  ,  <  ..  . 


12.  AAF  First  Motion  Pfc-  Development  of  training  films;  •  •** 

tdre  Unit,  Culver  City,  .... 

Calif,  .  ••  l  •  •  .  , 
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13.  AAF  Trainin*  Aids  Di • 
vision,  New  York  City- 


14.  U.  S.  Navy  Free 
Gunnery  Standardisation 
Committee. 

18.  Commercial  companiee-__ 


Gunner^*  Information 
in*  dericea.Che<k*J  €V*,uttion  0Jf  train- 

Preparation  of  instructional  materials 
and  evs.jaUon  of  trainin*  dc  rices.  ~ 

'DeXeJ0*r?entr0* } device*.  such  as 

wiira.  <e-m)  Tr*Ur- 


,  ,  .  '  '  ‘  »-  <,  *  t  •  , 


CHAPTER  FIVE 


.  .  :>?  *» i  .  ■ 


The  Nature  of  Gunner 

Ti 

rronciency : , 


t ,  •  ■  ' 


r>*  ,  M<#- 


.  *  *  Ji  4,l  V  *  '  1  f 


Lt  Arthur  L.  Irion  •  Vw*  '•  .t 


INTRODUCTION 


In  view  of  the  fact  that  the  flexible  gunnery  training  program 
was  oriented  toward  the  objective  of  producing  gunners  who  were 
as  proficient  as  possible,  a  considerable  amoirnt  of  thought  and 
effort  and  numerous  formal  studies  were  devoted  to  the  problem 
of  defining  the  concept  of  flexible  gunnery  proficiency.  These  at- . . 
tempts  generally  fell  within  three  major  categories:  attempts  to 
describe  the  tasks  of  various  of  the  combat  gunners,  attempts  to 
analyze  the  tasks  of  gunners  in  terms  of  the  requisite  abilities  and- 
behavioral  qualities,  and  attempts  to  measure  proficiency  directly 
through  the  establishment  of  some  quantitative  criterion  of  gun¬ 
nery  proficiency.  .  •  -.Ik 

Iu  order  to  determine  the  effectiveness  of  either  a  selection  or  > 
a  tr  aining  program,  a  measure  of  gunnery  proficiency  in  terms,  of 
some  criterion  score  was  necessary.  The  ideal  procedure  for  the 
establishment  of  a  selection  or  a  training  program  would  require 
the  simultaneous  development  of  a  criterion  and  of  selection  and 
training  procedures,  followed  by  the  validation  of  the  latter  in 
terms  of  the  former.  In  practice,  as  a  result  of  military  neces¬ 
sity,  it  proved  to  be  necessary  to  select  and  train  gunners  before 
establishing  a  criterion.  Therefore,  the  use  of  job  descriptions 
and  ability  analyses  for  the  purpose  of  setting  up  selection  and 
training  procedures  was  of  more  importance  than  the  validation . 
of  these  procedures  against  a  proficiency  criterion.  The  war  was 
terminated  before  any  large  scale  validation  experiments  had 
been  conducted. 


ATTEMPTS  TO  DESCRIBE  THE  GUNNER’S  TASK 

The  flexible  gunnery  program  suffered  to  a  marked  degree  in  its 
early  days  because  of  the  lack  of  systematic  and  accurate  descrip- 
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tions  of  the  tasks  gunners  were  required  to  perform  in  combat 
This  deficiency  was  gradually  corrected  by  a  number  of  carefully 
planned  and  accomplished  job  descriptions.  One  of  these  which 
was  felt  to  be  most  effective  was  made  on  B-29  gunnery  in  the 
20th  Bomber  Command.1  This  study  provided  an  accurate  and 
detailed  picture  of  the  combat  activities  of  B-29  gunners. 

•  .  i  i  ■*  '  ! '  1  ,  ,  f . '  •.  i. 

Job  Descriptions 

Typical  methodology  involved  in  making  job  descriptions. — The 
following  procedures  were  used  in  studying  the  activities  of  gun¬ 
ners  in  the  20th  Bomber  Command: 

1.  Observations  were  carefully  made  and  then  checked  with 
competent  personnel.  This  procedure  served  to  correct  inac¬ 
curacies  which  might  have  been  recorded  as  a  result  of  unchecked 
observation,  while  also  serving  the  practically  useful  function  of 
indicating  areas  in  which  the  20th  Bomber  Command  personnel 
v/ere  reacting  to  verbalisms  rather  than  to  actuat  behavior  of  gun¬ 
ner  personnel 

2.  B-29  combat  operations  were  studied  in  detail.  All  perti¬ 
nent  publications,  such  as  Tactical  Doctrine  and  Mission  Reports, 
were  studied  and  discussed  with  staff  officers  of  the  Bomber  Com¬ 
mand.  Careful  notes  were  taken  at  critiques  of  missions;  All 
observable  phases  of  a  combat  mission  were  studied  first  hand  by 
flying  missions  as  a  gunner. 

3.  Carefully  constructed  questionnaires  were  personally  admin¬ 

istered.  These  questionnaires  covered  the  activities  of  bombar¬ 
diers,  gunners  for  each  sighting  station,  computer  maintenance 
men,  general  maintenance  men,  armament  men,  gunnery  officers, 
and  armament  officers.  The  questionnaires  were  constructed  so 
that  the  results  would  establish  who  did  each  job  and  how  each 
task  was  accomplished.  All  answers  to  questions  were  obtained 
by  personal  interview.  * 

l.  Observations  were  made  and  agreement  reached  for  all  jobs 

*11  levels  and  were  finally  confirmed  at  Command  Headquarters 

r*  re  the  report  of  job  description  was  made. 

Activity  lists. — Under  the  procedures  outlined  above,  lists  of 
i  n.’f  ific  activities  were  prepared  for  each  type  of  B-29  gunner. 
For  example,  the  following  list  of  activities  was  prepared  for  the 
B  29  career  gunner. 

The  B-29  career  gunner  must  be  able  to: 

1.  Track  and  frame  smoothly  and  accurately  with  his  specialized  sight. 

2.  Trigger  correctly.  '  . 

3.  Turn  on  switches  in  his  sighting  station  correctly. 

•t.  Transfer  control  of  turrets  at  the  proper  time  without  damaging  other 
13-29’*. 

>  ThU  ntudjr  w»*  conducted  by  MtJ.  Robert  Dr»t*rnkfc,  la  December  1944. 
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8.  Um  standard  interphone  procedure  ;  i---.  .  .ji  • 

6.  Search  properly. 

7.  Identify  Japanese  fighters  and  set  their  wingspans  into  th#  sight.  • 

8.  Identify  types  of  surface  vessels  and  report  their  position^  course,  and 

speed. . 

9.  Clean  and  adjust  his  caliber  .50  machine  gun.  *'  **  •'  '• 

10.  Load  the  guns  in  his  assigned  turret.  ,  .•  >; 

11.  Perform  an  operational  check  of  his  assigned  sight,  turret,  and  guns. 

12.  Perform  a  preflight  inspection  of  his  assigned  sight,  turret,  and  gunk. 

13.  Perform  an  inflight  check  of  his  assigned  sight,  turret,  and  guns.' 

14>  Clear  his  guns.  • 

15.  Stow  hi’  guns  properly  for  takeoff  and  landing.  ■ 

16.  Use  his  personal  equipment  properly.  .  -  ’ 

17.  Determine  if  his  oxygen  mask  is  in  good  condition  and  fits  properly. 

18.  Determine  if  the  oxygen  bottles  are  ready  for  a  flight  and  nil  walk 

around  bottles  in  flight.  .  ■  •  ■  , 

19.  Determine  if  his  parachute  and  Mae  West  are  in  good  condition. 

20.  Mount  a  gun  camera,  load  it,  make  the  necessary  settings,  and  taka 

pictures  at. the  proper  time.  , 


Lists  were  also  prepared  of  things  that  each  gunner  had  to* 
know.  It  was  reported,  for  example,  that:  '•  '• 

...  '  '  •  . ‘  .  • 

The  B-29  career  gunner  mutt  know:  y  . . 

1.  The  areas  of  search  and  zones  of  fire  of  each  gunner ‘on  the  airplane. 

2.  How  changes  in  formation  affected  the  areas  of  search  and  zones  of  fire 

for  each  gunner.  •  ••  ■  . v!-,V 

3.  What  to  do  in  the  event  it  was  necessary  to  bail  out  ,  m 

4.  What  to  do  in  the  event  that  it  was  necessary  to  ditch.  * 

6.,  What  length  of  burst  to  use  at  all  ranges  and  in  all  positions.: 

6.  Elementary  first  aid.  ,*  .  -j 

Lists,  similar  in  nature  to  the  activity  lists  for  Br29.  gunners, 
were  prepared  for  other  types  of  gunnery.  For  example,,  early 
in  1944,  the  duties  and. necessary  skills  of  gunnery  officers  in  the 
8th  Air  Force  were  described,  as  well  as  the  tasks  of  basic  gunners, 
operating  in  that  Air  Force.  A  later  study  was  made  of  the  duties 
of  A-26  gunners  in  the  9th  Bombardment  Division  of  the  9th,  Air 


Force.* 

In  general,  these  descriptions  of  the  duties  of  gunners  were  sim¬ 
ilar,  in  that  they  embraced  the  following  areas  of  performance;..  { 

.1.  A  preflight  inspection  and  operational  check  of  equipment,  including 
guns,  turrets,  and  sighting  equipment.- 

2.  The  loading  of  ammunition  into  the  turret®.  ■  •  .  .  ■  * 

3.  The  operation  of  gunnery  equipment  m  the  event  of  enemy  fighter 

attacks.  •  * 

4.  A  postflight  inspection  of  equipment. 

5.  The  cleaning,  oiling,  and  adjusting  of  guns.  *  l 

6.  Crew-member  activities,  such  as  interphone,  bailing  out,  flrst 

aid,  and  usp  of  parachute,  oxygen  equipment,  and  heated <*4 

Most  of  the  gunner's  time  and  energy,  these  studies  revealed, 
was  spent  >n  caring  for  his  equipment  and  making  it  ready  for 


combat  use. 


Descriptions  of  incidental  conditions  of  work.  For  many  jobs 

it  is  desirable' that  the  conditions  sunvnding  the  job  also  be  de- 

»  .  *  *  <  .• 


*The  8th  Air  Force  Study  was  made  by  M.J.  Ro*er  W.  nu..eU  The  8th  Bomb.rdm.nt 
Division  study  was  rondo  by  Capt.  John  A.  Valentin.  *nd  Lt  Fr.nk  J.  Harrl*. 

703320—47 — 4 
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scribed,  if  the  job  description  is  to  be  of  most  value  in  the  setting 
up  of  a  criterion  situation  or  of  an  appropriate  training  or  selec¬ 
tion  program.  This  factor  often  tended  to  be  overlooked  in 
studies  of  combat  duties,  but  efforts  were  made  to  include  it.  One 
study,  for  example,  provided  a  description  of  the  conditions  under 
which  gunners  lived  and  worked  in  the  China-Burma-Ihdia  The-  • 
ater  of  Operations  in  the  spring  of  1944.*  This  description  dealt 
with  specific  problems  such  as  living  conditions,  food,  personal 
conveniences,  climate,  and  the  living  conditions  of  the  native  popu¬ 
lations;  all  in  considerable  detail.  Although  many  of  these  obser¬ 
vations  could  not  find  direct  incorporation  into  a  training  program, 
some  of  the  findings  were  of  value.  For  example,  in  some  of  the 
bases  in  this  theater,  conditions  of  extreme  dustiness  alternating 
with  dampness  prevailed.  This  climatic  condition  caused  corro¬ 
sion  and  rust,  especially  to  the  moving  parts  of  the  caliber  .60 
machine  gun.  Corrective  education  for  this  condition  was  there¬ 
fore  incorporated  into  the  gunnery  training  program. 

Descriptions  of  Individual  Characteristics  Important  in  Gunnery 

Performance 

As  a  result  of  the  accomplishment  of  job  descriptions  under  the 
procedures  listed  in  the  preceding  section,  several  attempts  were 
made  to  make  generalizations  regarding  the  qualities  which  were 
necessary  or  desirable  for  the  gunner  to  possess.  In  the  absence 
of  a  criterion  situation  in  which  gunnery  proficiency  could  be 
measured  directly,  and  as  a  first  approximation  in  the  construc¬ 
tion  of  a  battery  of  selection  tests,  an  analysis  of  the  gunner’s  task 
in  terms  of  abilities  which  the  gunner  had  to  possess  to  perform 
it  adequately  was  a  necessity.' 

One  attempt  to  arrive  at  such  a  list  of  behavioral  qualities  in¬ 
volved  the  judgment  of  gunnery  officers  in  various  combat  air 
forces  regarding  the  minimum  acceptable  standards  for  enlisted 
aircrew  members  with  respect  to  the  abilities  which  were  pre¬ 
sumably  measured  by  the  aviation  cadet  selection  and  classifica¬ 
tion  battery.4  These  officers  were  given  the  list  of  abilities,  each 
ability  being  accompanied  by  a  descriptive  phrase,  and  asked  to 
assign  the  minimum  acceptable  amount  of  ability  for  each  item, 
on  a  nine-point  scale.  This  scale  was  arranged  with  9  as  “excep¬ 
tional,”  7  as  “very  much  better  than  average,”  6  as  “better  than 


•  This  stud/  eras  toad*  by  Capt.  Wilbur  8.  Gregory. 

♦These  studies  tvera  carried  out  In  the  8th  Air  Force  by  MaJ.  Roger  W.  Rusaell,  In  the 
7lh  Air  Fore*  by  Capt.  Msson  Halre,  In  the  Eth  and  13th  Air  Forces  by  LC  Alfred  C.  Jenaeo, 
and  in  the  CDI  by  Capt,  Wilbur  8.  Gregory.  Lt.  William  B,  Schrader  collated  the  data 
from  the  Individual  atudles.  Some  of  the  procedure*  for  the  atudlea,  particularly  the 
method  for  denning  standards,  were  developed  by  Col.  John  0.  Flanagan  (see  report  No.  IT 
of  thla  series). 
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average,”  3  as  "average  enlisted  man,”  and  1  aa  "worse  than 
average*”  *•  •*  / 

The  list  of  behavioral  qualities,  together  with  the  defining  state¬ 
ments  which  were  presented  to  the  rating  officers,  is  presented 
below,  •  *  •  •  •  ’  •  ’  . 

1.  Judgment.— Ability  to  make  sound  judgments  and  choices  as 
to  the  best  thing  to  do  when  faced  with  a  practical  problem,  - 

2.  Mechanical  comprehension. — Ability  to  understand  and  hi-  - 

terprcl  the  operation  of  mechanical  devices.  •  *  •  * 

3.  Arithmetic  reasoning. — Ability  to  solve  quantitative  prob¬ 
lems  expressed  in  verbal  form.  . 

4.  Arithmetic  calculations. — Speed  and  accuracy  in  adding, 
subtracting,  multiplying,  and  dividing  simple  numbers. 

5.  Mathematics. — Skill  in  the  use  of  algebraic  formulae  and 

other  simple  mathematical  tools.  ’  .x 

6.  Reading  comprehension. — Ability  to  understand  and  grasp 
the  meaning  of  general  and  technical  descriptions  in  written  form. 

7.  Mem&i'y. — Ability  to  remember  specific  and  detailed  infor¬ 
mation.  •  ./ 

8.  Dial  and  table  reading.— Speed  and  accuracy  of  obtaining 
specific  information  from  dials  and  tables. 

9.  Visualization  of  the  flight  course.— Ability  to  visualize  the 
course  of  the  plane  with  reference  to  the  horizon  and  fixed  or 
moving  reference  points  such  as  other  planes. 

10.  Estimation  of  speed  and  distance. — Ability  to  make  esti¬ 
mates  of.  speed,  distance,  and  altitude  in  relation  to  the  flight  of 

the  plane.  •*'  .  .  . .  . 

11.  Orientation  and  observation. — Ability  to  find  his  correct 
geographic  position  by  identifying  the  area  below  by  comparison 
with  maps  and  photographs. 

12.  Division  of  at  tention.— Ability  to  remain  alert  and  observ¬ 
ant  of  other  things  while  the  principal  attention  is  directed  to  a 
specific  activity. 

13.  Speed  of  decision  and  reaction. — Ability  to  think  quickly,  to 
make  rapid  decisions,  or  to  respond  with  speed  and  precision  when 

the  situation  demands.  > 

14.  Serial  reaction  time. — Ability  to  execute  a  series  of  simple 

movements  rapidly  and  accurately. 

15.  Coordination. — Skill  in  making  appropriate  movements 
with  the  hands  or  feet  to  accomplish  a  specific  task. 

16.  Finger  dexterity. — Deftness  in  madng  fine  adjustments  or 

movements  with  the  fingers.  ,  . 

17.  Emotional  control- Ability  to  war -in  cool  and  collected 


and  to  think  and  act  without  interference  from  anxiety  and  emo¬ 
tion  when  faced  with  an  emergency  or  a  difficult  situation.  • 

18.  Motivation. — Interest  in  combat  aviation  and  desire  to  fly 
and  to  be  as  effective  as  possible  in  doing  the  tasks  assigned. 

19.  Dependability . — Willingness  to  assume  complete  responsi¬ 
bility  for  carrying  out  all  jobs'  assigned  in  an  effective  manner. 

20.  Leadership. — Ability  to  inspire  confidence,  pride,  and  loy¬ 
alty  In  men  and  to  develop  cooperation  and  a  “team  spirit.”  * 

The  mean  minimum  qualification  ratings  given  by  the  gunnery 
officers  in  various  combat  air  forces  are  presented  in  table  5.1. 


Table  5, 


.1.— Minimum  qualifieationt  of  gunner*  in  20  trait s  at  judged  by 
expert t  in  gunnery  in  various  theater t  (firtt  half  lHt)x 


8th  AF  -8th,  13th  7th  AF  14th  AF  Mean 

(N=25)  (N~83)  (H=U)  (N=»)  (N=1Q8) 


1.  Judgment - .1 _ _  4,8  8.0  "  5.3 

2.  Mechanical  comprehension _  0,2  4,8  8,8- 

3.  Arithmetic  reasoning _  '3.4  3,®  3,2 

4.  Arithmetic  calculation*.. _  3,®  3,7  3  o 

5.  Mathematic* _ ; _ ...  3.2  .  3,0  3.1 . 

6.  Reading  comprebenaion _  4.4  4.5  4.2 

7.  Memory _ — _ '  8.2  5.®  5.® 

8.  Dial  and  table  reading _  3,7  4.2  4.4 

9.  Visualization  of  the  flight  course  :  6.0  5.8  5.0 

0.  Estimation  of  speed  and  distance  5.0  5.3  5.0 

1.  Orientation  and  Observation _  3,7  4.5  -  8.4 

2.  Division  of  attention _  6.4  5.8  8.2 

3.  Speed  oL  decision  and  reaction..  .  5.5  8.7  •  8.8 

4.  St. rial  reaction  time -  '  5.0  5.8  8.3 

5.  Coordination _  5.2  6.0  6.8 

8.  Finger  dexterity _  4.1  G.0;  5.4 

7.  Emotional  control.., _ _ _  5.8  6.5  6.4. 

8.  Motivation - 6.8  6.8  6.4 

9.  Dependability — ^ -  6.4  6.7  6.9 

0.  Leadership - 4.4  6.4  5.4 

r  All  ratings  made  on  a  8-polnt  scale  with  mean  point  defined  as  3. 


It  will  be  noted  that  these  ratings  show  a  considerable  degree  of 
consistency.  This  is  further  indicated  by  the  intercorrelations  of 
the  ratings  as  given  in  the  different  air  forces,  which  are  presented 

in  table  6.2.  ,  , 

•  *  -  ,  .  -  ,  «»;».•  •  *  •  •  1. 


Table  6. 2.— Inter cor  relations  among  judgment e  of  minimum  qualifieationt  of 
gunners  in  each  of  20  traits  by  experts  in  4  theaters  of  operations .  (First 
half,  ’U) 


>  '  ' 

Number  of 
judge* 

8th 

Air  Force 

Rth  and  13th 
:  Air  Force 

70s 

Air  Force 

14th 

AJr Force 

8th  Air  Force — - 

Gth,  13th  Air  Fore* _ 

7th  Air  Force -  . 

14th  Air  Fore* _ 

25 

63 

11 

9 

------ 

.81 

.87 

0.87 

.90 

.04 

0.90 

.90 

.... 

0.87 

.94 

.92 

The  results  would  seem  to  indicate  that  gunnery  officers  con¬ 
sistently  considered  the  qualities  represented  by  the  items  of  Emo¬ 
tional  Control  and  Motivation  to  be  of  the  most  importance,  or,  at 
least,  that  a  higher  degree  of  these  qualities  was  considered  neces- 
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sary  than  In  the  case  of  other  items.  It  will  be;  noted  that  Speed 
of  Decision  and  Reaction,  Division  of  Attention,  and  Dependabil¬ 
ity,  as  .well  as  several  other  items,  also  received  relatively  high 
ratings*  .  *  * .  ' »  :* 

There  was  one  difficulty  with  the  study  which  should  be  kept  in 
mind  in  interpreting  the  results.  Certain  of  the  qualities  listed, 
notably  those  designated  as  “motivation,”  “emotional  control,” 
“dependability,”  and  “leadership,”  were  defined  in  fairly  general 
and  elusive  terms.  The  descriptions  did  not  incorporate  refer¬ 
ences  to  specifically  observable  behavior.  Since  the  descriptions 
were  not  pinned  down  definitely  to  specific  behavior  on  the  part  of 
the  gunner,  and  since  the  possess ; on  of  such  qualities  is  generally 
considered  good  and  desirable  for  almost  any  job,  one  might  well 
expect  the  judging  officers  to  have  given  most  favorable  ratings  to 
these  items.  Thus,  higher  ratings  may  possibly  have  been  given 
on  these  items  than  was  rigorously  demanded  by  the  pinner's  job. 
However,  the  emphasis  which  the  gunnery  officers  placed  upon 
Emotional  Control  and  Motivation  did  point  up  a  selection  need, 
which  had  previously  received  inadequate  attention. 

A  Rational  Analysis  of  the  Firing  Task  '  - 

Another  approach  to  the  problem  of  determining  what  the  gun¬ 
ner  had  to  do  in  order  to  be  successful  involved  the  careful  obser¬ 
vation  and  analysis  of  his  firing  task  for  the  purpose  of  describ¬ 
ing  the  types  of  psychological  activity  in  which  the  gunner  had  to 
engage  in  order  to  perform  his  task.  One  such  study  involved  a 
rational  analysis  of  the  gunner’s  task  into  four  major  divisions; 
two  of  which  were  concerned  with  such  descriptions.*  The  first 
of  these  two  divisions  was  concerned  with  factors;  predominately 
perceptual  in  nature,  and  included  such  portions  of  the  gunner’s- 
task  as  had  to  do  with  the  estimation  of  deflection,  the  estimation 
of  range,  the  estimation  of  the  gunner's  own  position  in  space,  the 
estimation  of  framing  accuracy,  and  the  peripheral  perception  of 
movement.  The  second  division  was  concerned  with  psychomotor 
aptitudes  and  included  consideration  of  problems  involved  in  coin-, 
cident  tracking,  wherein  the  gunner  needed  only  to  keep  his  sight 
directly  on  the  target;  displaced  tracking,  in  which  the  gunner 
had  to  track  with  his  sight  somewhat  displaced  from  the  target;- 
direct-control  tracking,  which  involved  the  pointing  of  the  guns  by- 
hand ;  and  remote-control  tracking,  which  involved  the  pointing  of 
the  guns  through  manipulation  of  turret  controls.  Also  con¬ 
sidered  in  this  division  were  the  problem  "  of  framing  control,  and 


•Tht*  study  wa*  accomplished  by  Cnpt.  Judson  9.  Braun  of, the  AAF  School  of  Aviation 
Medicine  and  Cnpt  Maion  Ilalra. 
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combinations  of  such  factors  as  tracking  and  framing,  and  track¬ 
ing,  framing,  and  triggering.  .* 

The  various  subdivisions  of  the  gunner's  task  as  conceived  in 
this  manner  were  dealt  with  in  considerable  detail,  and  sugges¬ 
tions  were  made  regarding  appropriate  tests  which  might  be  ad¬ 
ministered  for  the  selection  of  gunners. 

*•  ,  .»  •  ,  * 

THE  MEASUREMENT  OF  GUNNERY  PROFICIENCY 

Fundamental  research  in  the  selection  and  training  of  flexible 
gunners  was  lardy  dependent  upon  the  establishment  of  criteria 
of  gunnery  proficiency,  and  the  worth  and  validity  of  research  in 
these  fields  was  limited  by  the  adequacy  of  the  criteria  which  were 
available.  The  selection  problem  resolves,  in  its  simplest  form,  to 
the  problem  of  determining  which  of  various  potential  selection 
devices  yield  scores  which  correlate  most  highly  with  the  criterion 
scores.  Similarly,  research  in  training  reduces  to  an  experimental 
determination  of  the  training  methods  which  cause  the  greatest 
increase  in  criterion  scores.  In  either  case,  adequate  measures  of 
proficiency  are  essential  to  the  accomplishment  of  the  research. 
It  was  necessary  therefore,  to  give  operational  meaning  to  the 
term  “gunnery  proficiency.”^. ......  ■ 

f  '***■.'•**  l  ■  *  . 

The  Criterion  Problem  in  Gnnnery 

A  definition  of  objectives. — A  criterion  of  flexible  gunnery  pro¬ 
ficiency  had  to  be  defined  in  terms  of  the  objectives  of  flexible  gun¬ 
nery  as  well  as  in  terms  of  the  procedures  employed  in  setting  up 
the  criterion  situation.*  The  former  problem  was  a  relatively 
simple  one,  in  that  it  was  comparatively  easy  to  list  the  desired 
consequences  of  a  gunner’s  behavior.  In  its  utmost  simplicity, 
this  objective  was  described  in  terms  of  the  gunner's  ability  to  • 
protect  his  bomber  and  his  formation  from  enemy  fighters,  either 
by  destroying  them  or  by  driving  them  away.  It  was  not,  of 
course,  implied  that  the  gunner’s  task  was  confined  to  the  accom¬ 
plishment  of  this  single  objective.  Yet,  without  being  entirely 
comprehensive,  the  definition  did  outline  the  essential  part  of  the 
gunner’s  task,  the  portion  of  it  which  was  uniquely  his  province 
and  which  was  his  military  raison  d'etre.  If  it  is  recognized  that 
a  definition,  such  as  the  one  stated  above,  was  not  entirely  compre¬ 
hensive,  there  is  likely  to  be  little  objection  to  such  a  formulation. 

The  latter  definition  of  a‘  criterion,  that  of  describing  the  condi¬ 
tions  under  which  it  is  established,  wa3  more  difficult  to  make. 

_ -  _ -  9 

*  The  general  problem*  of  criteria  of  proficiency  are  dfaccased  In  detail  In  report  No.  * 
of  ’lila  aerie*. 
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The  remainder  of  this  chapter  will  be  devoted  to  a  discussion  of 
such  procedures.  >  * 

The  desirable  characteristics  of  a  criterion  score,— The  estab¬ 
lishment  of  a  criterion  situation  should  be  such  that  iteventuaily 
yields  for  each  individual  a  mathematical  value  which  denotes  the 
degree  to  which  the  individual  fulfills  the  requirements  imposed 
j  by  the  initial  statement  of  objectives.  It  is,  moreover,  desirable 
j  that  this  mathematical  value  possess  certain  qualities  which  rea¬ 
der  it  an  adequate  measuring  instrument  If  possible,  the  cri¬ 
terion  scores  should  lie  along  an  extensive  scale  which  has  a  zero 
■  point  More  importantly,  the  scores  should  possess  the  quality  of 
reliability.  In  addition  to  these  qualities,  the  criterion  score* ' 
should  be  practically  obtainable,  within  the  limits  of  the  sources 
afforded  to  the  research  worker.  Lastly,  the  criterion  scores  must 
be  obtained  in  a  valid  situation.  •>  ...* 

!  The  problem,  of  criterion  validity. — It  seemed  obvious  that  the 
most  valid  test  of  a  gunner's  proficiency  lay  in  the  combat  situs-  • 
tion.  It  was  for  this  situation  that  the  gunner  was  selected  and 
trained,  and  it  was  against  his  success  in  combat  that  the  efficacy 
of  the  devices  which  selected  him  and  the  methods  which  trained 
him  should  most  desirably  have  been  judged.  In  actuality,  how-  • 
ever,  it  was  not  possible  to  obtain  a  combat  score  of  high  validity.' 
There  were  numerous  reasons  for  this,  the  most  important  being 
that  too  many  extraneous  factors  entered  into  the  combat  situation 
to  allow  the  scores  which  were  obtained  therefrom  to  be  reliable. 

A  gunner’s  success  or  failure  in  combat  depended  not  alone  upon 
his  own  skill,  but  rather,  in  a  large  measure,  upon  the  proficiency 
of  others,  both  friend  and  foe.  These,  and  other  extraneous  fac? 
tors,  served  to  lower  the  reliability  of  score?  obtained  in5  the  com-, 
bat  situation,  which  in  turn  had  the  effect  of  limiting  the  validity 

of  whatever  measures  were  taken.  ,  ,  .  ;  .  . .  .  { 

t  •  Substitute  criteria — In  the  absence  of  a  suitable  combat  crite¬ 
rion,  the  only  alternative  involved  the  setting  up  of  situations 
j  which  were  highly  similar  to  combat  and  which  were,, at  the  same 
time,  subject  tc  control.  These  situations  had  to  be  as  realistic, 
as  possible  in  terms  of  the  demands  which  they  made  upon  the  gun- 
'  ner,  yet  they  had  to  lend  themselves  to  the  taking  of  measurements 
which  reflected  the  essential  aspect  of  the  gunner’s  task.  The  set-  - 
ting  up  of  such  alternate  situations  involved  the  judgments  of  gun¬ 
nery  experts  as  to  the  actual  degree  of  similarity  which  might  exist 
between  the  criterion  situation  and  combat,  fi.  r  it  was  obvious  that 
i  the  two  situations  could  notjbe  made  to  be  identical.  These  ex- 


• 

perts  had  to  determine,,  cr.  a  subjective  basis,  the  apparent  validity  [  I 
of  the  alternate  criterion  situation., 

In  the  construction  of  a  substitute  criterion,  job  descriptions  of  , 
the  gunner’s  job  in  combat  were  useful,  in  that  they  gave  the ' 
gunnery  expert  some  objective  method  of  checking  the  apparent  j 
validity  of  the  criterion  situation.  There  w*,re,  however,  limits.  | 
tions  to  the  use  of  job  descriptions  in  this  connection.  To  con- 1 
struct  a  criterion  situation  solely  upon  the  basis  of  a  description  of  : 
current  job  procedures  would  have  been  to  run  the  risk  of  preserv-  • 
ing  a  traditional  method  of  job  accomplishment  which  might  not 1 
have  been  adequate  to  the  needs  of  the  situation.  Instead,  what 1 
was  required,  more  than  a  description  of  how  the  individual  gun.  > 
ner  performed  his  task  in  combat,  was  a  detailed  description  of  ' 
the  conditions  under  which  he  worked.  In  flexible  gunnery,  for 
example,  it  was  important  to  know  the  number  and  type  of  enemy  * 
aircraft  likely  to  be  encountered,  the  habitual  tactics  of  the  enemy,  * 
the  characteristics  of  the  gunner’s  aircraft  and  equipment,  the 
length  of  the  gunner’s  missions,  the  amount  of  support  the  gunner  1 
received  from  fighter  escort,  and  so  on  for  the  many  factors  which 
determined  for  the  combat  gunner  the  conditions  under  which  he  ‘ 
had  to  operate.  In  the  past,  the  technique  of  job  description  has 
been  of  greatest  value  in  obtaining  this  type,  of  information,  yet  * 
the  limitations  of  the  techniques  should  be  recognized  by  the  re- 1 
search  worker.  .  ! 

Necessary  assumptions  in  the  establishment  of  a  substitute 
criterion . — The  establishment  of  a  substitute  criterion  becomes  a 
task  of  great  complexity  unless  it  is  recognized  that  there  was  ‘ 
one  central  factor  in  the  accomplishment  of  the  objectives  of  ‘ 
flexible  gunnery.  This  central  factor  was  the  gunner’s  proficiency  ; 
in  aiming  and  firing  his  guns.  However,  this  main  division  of  the  . 
gunner’s  job  was  surrounded  by  numerous  contributory  factors.; " 

In  order  that  the  gunner  might  be  able  to  aim  and  fire  his  guns' 
adequately,  he  had  to  possess  a  number  of  other  skills,  abilities, , 
and  characteristics.  .For  example,  he  had  to  be  able  , to  care  for, 
adjust,  and  maintain  his  equipment.  He  had  to  have  the  ability . 
to  withstand  the  stresses  of  combat.  These  and  many  other  . 
factors  contributed  to  the  final,  effectiveness  of  a  gunner,  yet  to  * 
construct  a  criterion  situation  which  would  have  assessed  all  of 
them  simultaneously  would;  have  been  impossible.  For  the  pres* 
ent,  therefore,  the  central  factor  only  shall  be  considered,  this 
being  the  factor  which  belongs  uniquely  to  the  gunner.  At  the 


^’Apparent  v*«<mr  to- a  term  which  lo.usetTto  describe  the  .mount  of  MmlLrltr  betwee* 
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end  of  the  chapter  the  problem  of  assessing  contributory  factors 

will  be  discussed.  .  •  .;>*:*•  ’ 

Attempts  !o  Obtain  a  Criterion  of  Firing  Proficiency  Through  the 
Use  of  Synthetic  Training  Devices  • 

The  Waller  Trainer. -—The  Waller  Trainer  was  a  synthetic  train¬ 
ing  device  which  involved  the  firing  of  similated  hand-held  and 
turret-mounted  guns  at  moving  picture  photographs  of  attacking  • 
aircraft.  There  were  four  gun  positions  for  each  trainer.  The 
pictures,  which  were  projected  from  multiple  projectors  onto  a 
large,  semi-sperical  screen,  were  actual  photographs  of  attacking 
aircraft  taken  in  flight.  The  hand-held  guns  were  equipped  with 
devices  which  simulated  recoil  when  the  triggers  were  depressed. 
The  gunner  wore  earphones  through  which  he  heard  simulated  air¬ 
craft  and  gun  fire  noises.  - 

The  apparent  validity  of  the  Waller  Trainer  was  limited  by 
several  factors.  Being  a  ground  installation,  it  suffered  loss  of 
<realism,  as  did  all.  other  ground  installations.  The  attacks  in  the 
Waller  Trainer  were  more  limited  in  scope  than  those  found  in 
combat  because  of  Ythe  limitations  of  the  size  of  the  screen.  The 
reliability  of  the  trainer  was  affected  by  deficiencies  in  its  scoring 
system.  It  was  observed-  that  differences  in  difficulty  existe4 
between  various  of  ithe  gun  positions,  which  differences,  could  not 
be  completely,  controlled  or  corrected  (see  p.  165) .  Coefficients  of 
reliability  of  scores  on  the  Waller  Trainer  under  experimental 
conditions  clustered  around  0:75.  Under  normal  conditions  of 
operation  in  training,,  reliabilities  fluctuated  and  were  gener  ally 
much  lower  than  those  obtained  in  experimental  work  (&ee  p.163)  . 
These  considerations  limited  the  usefulness  of  the  Waller  Trainer 
as  a  criterion  of  firing  proficiency.  Potentially,  however,  the 
Waller  Trainer  was  considered  to  be  the  most  promising  of  the 
synthetic  trainers,  except  for  B-29  gunnery.  Although  it  was 
used  in  several  studies  of  learning,  the  Waller  Trainer  was  not 
'  used  for  the  validation  of  selection  tests  due  to  inadequacies  m 
film  available  at  the  time  such  studies  were  underway.,  . 

The  Jam-Handy  (E-U)  Trainer.— This  device  was  anoth^type 
of  motion  picture  trainer.  It  was  less  elaborate  than  the  Waller 
Trainer  in  that  it  involved  only  two  projectors  and  a  smg.e  gun 
position  for  each  trainer.  The  screen  on  which  the  pictures  were 
projected  was  much  smaller  than  the  Waller  Trainer  screen  and 
was  a  plane  rather  than  a  curved  surface.  Student  Performance 
on  the  Jam-Handy  (E-14)  Trainer  was  scored  on  the  basis  of 
subjective  judgments  of  the  instructor,  who  was  provided  with 
several  aids  for  scoring.  .  The  reliability  of  the  scores  obtained  by 
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this  method  was  quite  satisfactory  if  the  conditions  of  administra¬ 
tion  were  rigidly  controlled.  One  study  yielded  reliabilities  of 
,80  (see  p.  171).  A  mechanical  scoring  device  was  later  devel- 
oped,  but  no  data  on  the  performance  of  this  scoring  unit  are 
available.  The  apparent  validity  of  the  Jam-Handy  (E-14) 
Trainer  was  low  as  compared  with  the  Waller  Trainer.  The  small 
size  of  the  projection  screen  prevented  the  realistic  presentation 
of  attacks  other  than  nose  attacks,  tail  attacks,  and  quarter  attacks 
from  either  the  nose  or  tail,  which  were  the  easiest  forms  of 
attack  for  the  gunner  to  handle.*  The  pictures  in  the  Jam-Handy 
(E-14)  Trainer  were  of  model  planes  manipulated  against  a 
painted  background.  Although  the  effect  produced  by  this  process  : 
was  quite  good,  it  was  not  as  effectively  realistic  as  the  photo- 
graphs  of  actual  planes  used  in  the  Waller  Trainer.  The  Jam- 
Handy  (E-14)  Trainer  suffered  from  being  a  ground  rather  than  I 
aerial  installation.  Also,  the  gunner’s  score  was  reached  through  ' 
the  use  of  a  mathematically  computed  aiming  point  which  might 
have  been  subject  to  errors.  Though  the  Jam-Handy  (E-14) 
Trainer  was  considered  less  satisfactory  than  the  Walter  Trainer  : 
as  a  criterion  of  firing  proficiency,  it  was  used  to  advantage  in  I 
several  studies  of  the  validity  of  selection  tests  (see  chapter  6),  ■ 
and  of  proficiency  of  gunners  (see  chapter  11)  .  j 

The  Hobson-Strvad  Trainer.— The  Hobson-Strnad  Trainer  was  \ 
developed  to  provide  practice  for  B-29  gunners  in  the  manipula-  { 
tion  of  the  B-29  pedestal  sight.  This  trainer  incorporated  many  i 
desirable  features  of  a  ground  trainer.  The  target  consisted  of 
a  silhouette  which  could  be  made  to  simulate  the  appearance  of 
an  attacking  fighter,  both  with  reference  to  -its  apparent  closing 
and  its  changes  in  attitude  throughout -the  attack.  Since  these 
changes  were  accomplished-mechanically,  it  was  possible  to  corre¬ 
late  the  apparent  position  of  the  target  with  the  operation  of  the 
sight  in  such  a  fashion  that  a  score  could  be  obtained  which 
would  indicate  the  amount  of  time  that  the  gunner  was  correctly  j 
tracking  and;  framing  the  target.  A  refinement  of  the  basic  ; 
scoring  system  consisted  of  a  polygraph  by  means  of  which  the  ! 
gunners  performance  in  azimuth  tracking,  elevation  tracking,  - 
framing,  and  triggering  could  be  recorded.  This  trainer  was  j 
developed  during  the  final  months  of  the  war,  and  no  data  were  > 
obtained  from  which  the  reliability  of  scores  might  be  estimated. , 
However,  -it  appeared  that  the  Hobson-Strnad  Trainer  had  most : 


•In  practice,  beam  attack*  were  preaented  in  tkaJam-Handy  (E-14)  Trainer,  by  panda* 
the  .  background.  Tbl*  proceaa  produced  tbt  Tlaual  Impreaiion  of  a  beam  attack,  bat  tlx  . 
tracking  of  *uch  an  atUck  waa  muck  mori.almpio  than  tk#  tracking  of  an  actual  be** 
attack  alnce  the  total  tracking  angle  waa  much  amalter  and  tk*  rata  of  tracking  waa  corre- 1 
apondlngly  atower.  , 
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of  the  characteristics  of  a  satisfactory  substitute  criterion  situa¬ 
tion,  for  B-2F/  gunnery.  < 

Attempt*  to  Obtain  a  Criterion  of  Firing  Proficiency  Through  the 

U*e  of  Ground  Firing  Range*  *•  . 

The  Moving  Target  Range. — The  Moving  Target  Range  required 
that  the  gunner  fire  hand-held  and  turret-mounted  machine  guns 
at  a  cloth  target  which  moved  about  a  large  oval  track.  The  near 
side  of  the  track  was  approximately  200  yards  in  front  of  the 
gtir  ner  and  the  far  side  of  the  track  was  approximately  400  yards 
distant  from  him.  The  gunner’s  score  was  obtained  by  counting 
the  number  of  holes  in  the  target.  While  this  situation  intro¬ 
duced  the  realistic  element  of  firing  the  guns,  and  while  the  scor¬ 
ing  took  place  in  ierms  of  the  actual  effects  of  gunfire  produced 
by  the  gunner,  the  situation  was  quite  unrealistic  hi  terms  of 
other  conditions;  Tracking  was  limited  to  the  azimuth  dimension 
only,  and  the  deflections  required  of  the  gunner  were  not  those 
which  were  required  in  the  combat  gunnery  situation.  The  target 
moved  at  a  slow  relative  speed,  giving  the  gunner  a  leisurely  and 
unrealistic  firing  situation.  The  reliability  of  scores  obtained  on 
the  Moving  Target  Range  was  about  .70-  ('see  p.  205) .  Primarily 
because  of  its  lack  of  apparent  validity,  the  Moving  Target  Range 
did  not  meet  the  requirements  of  a  criterion, of  firing  proficiency.  < 
In  the  absence  of  a  more  acceptable  criterion,  however,"  it  was  used 
in  several  attempts  to  validate  tests  for  the  selection  of  gunners 
(see  chapter  6).  .  -  -  ‘  •  -  '*  *  '  ‘ 

The  OQ-3  Range .  The  OQ-3  Range  involved,  the  use  of  small 
radio-controlled  target  aircraft  which  were  fired  upon  from  ground  • 
gun  positions.  The  target  planes  had  a  wingspread  of  12  feet 
and  could  develop  speeds  in  excess  of  100  miles  per  hour.  These  . 
planes  were  flown  by  remote  radio  control  in,  such  a  manner -that 
they  simulated  attacks  upon  the  ground  gun  positions.  The 
gunner  attempted  to  shoot  down  the  attacking  targets,  using 
standard  turret-mounted  equipment.  The  OQ-3  Range  attacks/ 
lacked  validity  for  the  flexible  gunner  because  there  was'  not  the 
factor  of  the  gunner’s  own  forward  speed  to  be  compensated  for.  ,. 
Practice  on  such  a  range  represented  practice  in  anti-aircraft  gun¬ 
nery  rather  than  flexible  gunnery.  Even  with  sights  modified 
especially  for  the  range,  the  firing  situation  was  unrealistic.  Fur¬ 
ther,  the  target  aircraf  t  wa3  so  small  that  only  a  minute  proportion 
of  the  bullets  fired  actually  struck  it.  For  example,  during  one 
study  only  4  percent  of  the  rounds  experded  were  reported  as  hits 
(see  p.  217).  No  determination  of  the  reliability  of  scores 


“For  a  more  detailed  description  of  ground- ranges,  see  c.iapter  9. 
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obtained  on  the  range  was  made.  In  consideration  of  the  ex¬ 
tremely  low  mean  percent  of  hits  and  many  uncontrollable  factors 
in  the  operation  of  the  range,  it  was  unsafe  to  assume  satisfactory 
reliability  of  OQ-3  Range  scores.  The  OQ-3  Range  Avas  not  used 
as  a  criterion  of  gunnery  proficiency.  ■  u  ' 

■The  Poorinan  Ran ge.— -The  Poorman  Range  combined  several  of 
the  features  of  a  firing  range  and  a  synthetic  trainer.  In  aerial 
combat,  a  gunner  was  required  to  rotate,  Kis  turret  so  that  the 
guns  were  kept  pointing  in  the  direction  of  the  attacking  fightor.  t 
In  the  Poorman  Range  situation,  the  gunner’s  target  remained  * 
stationary,  but  the  platform  upon  which  the  gunner’^  turret  was  j 
mounted  rotated.  This  made  it  necessary  for  the  gunner  to  ■ 
rotate  his  turret  in  the  opposite  direction  to  compensate  for  the  J 
movement  of  the  base  and;  to  keep  his  guns  pointed  to  the  target. 

In  doing  this  perfectly,  the  gunner  kept  his  guns  absolutely  motion¬ 
less.  While  the  gun  platform  rotated,  the  model  airplane,  which  I 
served  as  a,  target  for  sighting,  simultaneously 'moved  toward' the 
gunner  with  a  sufficient  degree  of  lateral  movement  to  make 
changes  in  deflection  necessary;  The  gunner  had  to  sight  the  J 
model  plane,  giving  it  the  correct  deflection  in  order  to  keep  his 
guns  stationary.  The  gunner  fired  at  a  stationary  cloth  target  \ 
which  was  behind  and  below  the  model  plane.  If  the  gunner  was  j 
sighting  and  firing  correctly,  his  bullets  would  pass  through  the 
center  of  this  target.  But  if  the  gunner  was  not  sighting  cor-  f 
rectly,  he  would  not  compensate  for  the  rotation  of  his  turret  \ 
mount  and  his  bullets  would  no  longer  pass  through  the  center  of  j 
the  cloth  target.  ; 

There  were  several  deficiencies  of  the  Poorman  Range  situation  j 
when  considered,  from  the  standpoint  of  a  gunnery  criterion,  j 
For  one  thing,  there  were  several  ways  in  which  the  gunner  could  j 
“beat  the  game”  by  making  his  task  simpler  than  it  should  be.  j 
He  could  do  this  by  employing  cues  other  than  the  model  target 
plane  for,  keeping  his  turret  stationary.  In  addition  to  this  j 
defect,  the  Poorman  Range  situation  did  not  allow  for  tracking  ; 
in  elevation.  Since  the  gunner  in  combat  almost  never  received  , 
an  attack  which  might  be  tracked  either  purely  in  elevation  or  | 
purely  in  azimuth,  this  deficiency  represented  a  considerable  ssm* ; 
plification  of  the  gunner’s  actual  problem.  In  one  study,  a  relia- 
bility  of  0,56  was  obtained  for  Poorman  Range  scores  (see  p.  210).  ( 
Under  carefully  controlled  conditions,  the  Poorman  Range  might 
have  been  a  fairly  satisfactory  criterion  of  firing  proficiency. 
However,  the  range  was  not  widely  enough  used  to  permit  its  use 
as  a  criterion,  except  for  very,  limited  studies.  ( 

Miscellaneous  ranges. — There  were  numerous  other  ranges  used  j 
in  the  training  of  flexible  gunners.  These  included  the  Skeet-j 
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BasftonL0^  the  Kfgh  Tower  Range, -the  Moving 

Base  Range,  the  Full  Seale  Range  Estimation  Range,  the  Burst 

^?ffiSntlJnrpnVRnd  w** ?*  None  of  these  ranges  was  considered 
sufficiently  representative  of  the  gunner’s  shooting  job  to  warrant 

proficiency-  However,  in  several,  in- 
stances  some  of  these  ranges  were  used  in  studies  of  selection 

ters%  anVllf^^1  R?d  “  °ther  experimenfcal  work  (see  chap- 

Attempcs  to  Obtain  a  Criterion  of  Firing  Proficiency  Through 
Use  of  Aeraal  Training  Situations  u 

Air-to-air  finng.— Air-to-air  firing  was  the  traditional  air  train¬ 
ing  situation  for  flexible  gunners.  The  gunner  was  required  to 
fire  ^machine  guns,  using  standard  equipment,  against  some  form 
of  flag  or  sleeve  target  towed  by  a  second  aircraft.  Ibis  target 
waa  typically  towed  in  a  course  parallel  to  the  line  of  flight  of  the' 
firing  aircraft.  It  was  possible  to  introduce  some  degree  of  rela¬ 
tive  speed  into  the/  situation  by  towing  the  target  either  faster 
or  slower  than  the;  firing  aircraft.  It  was  not  possible,  however, 
to  tow  the  target  in  a  simulated  attack  course.  This  situation 
possessed  considerable  realism  in  that  the  gunner  arid  the  target 
were  both  air-borne,  and  the  gunner  used  typical  gunnery  equip-  • 
ment.  The  course  of  the  target  relative  to  the  gunner  was,  how¬ 
ever,  quite  unrealistic  and  presented  a  type  of  deflection  problem 
which  the  gunner  would  seldom,  if  ever,  encounter  in  combat 
The  reliability  of  air-to-air  firing'  scores  was  very  low,  under' 
typical  gunnery  school  conditions.  In  one  study!  most  of  the  coef¬ 
ficients  found  were  below  .50  (see  p.  218).  This  was  probably 
due  in  part  to  the  fact  that  the  target  was  too  small  to  catch  any 
but.%  small  percentage  of  the  bullets  fired  at  it;  consequently  the 
assessable  sample  of  the  gunner’s  behavior  was  exceedingly  small 
Conditions  of  operation  were  also  difficult  to  control.  For  these 
reasons,  the  air-to-air  firing  situation  was  unsuitable  for  use  as  a 
criterion  of  firing  proficiency.  It  was  used,  however,  in  many  of 
the  early  studies  of  the  validity  of  proposed' selection  tests  (see 
chapter  6).  *  . 

The  Firing  Error  Indicator. — The  Firing  Error  Indicator  was 
an  electronic  device  which  consisted  of  a  small  radio  transmitter 
which  could  be  mounted  in  an  aerial  target  and  a  receiving  unit 
which  was  typically  mounted  in  .the  gunner’s  aircraft.  The  trans¬ 
mitter  was  equipped  with  microphones  which  detected  the  audio 
shock  waves  initiated  by  projectiles1  pas  ^ng  in  the  vicinity  of  the 
target  This  had  the  effect  of  creating  a  sensitive,  nonmate- 

M  For:  further  Information  on  air  training  device*  and  p  cedurca,  ace  chapter  9.  * 
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rial  target  zona  about  the  transmitter.  By  making  adjustments 
in  the  transmitter,  the  size  of  the  sensitive  zone  could  be  varied 
somewhat,  and  could  be  extended  SO  or  40  yards  on  either  side 
of  the  transmitter.  The  receiving  device  was  equipped  with 
counters  which  recorded  the  number  of  projectiles  passing  within 
the  sensitive  zone  and  which  indicated  whether  the  projectiles 
passed  to  the  right  or  left  of  the  aiming  point.  The  Firing  Error 
Indicator,  therefore,  overcame  one  of  the  deficiencies  presented 
by  material  aerial  targets  in  that.it  allowed  the  size  of  the  target 
to  be' increased  without  effect  upon  the  realism  of  the  size  of  the 
aiming  point  In  addition  to  being  mounted  in  a  flag  or  sleeve  type 
target,  the  Firing  Error  Indicator  was  mounted  in  two  types  of 
rigid  targets,  a  bomb-like  structure  and  a  glider  target.  Mounted 
in  either  of  these  fashions  the  Firing  Error  Indicator  was  flown 
in  simulated  attack  courses,  thereby  overcoming  another  of  the 
•  deficiencies  presented  by  the  traditional  air-to-air  firing  situation. 

As  mounted  in  the  glider  target,  the  Firing  Error  Indicator  situa- 
ton  possessed  a  high  degree  of  realism.  * 

Unfortunately,  the  Firing  Error  Indicator,  at  the  stage  of 
development  reached  during  the  war,  did  not  represent  an  ideal 
solution  to  the  problem  of  firing  proficiency.  Mechanical  and 
electronic  unreliability  of  the  apparatus  created  difficulties.  It 
was  difficult  to  control  the  size  of  the  target  zones  precisely;  The 
size  and  shape  of  the  zones  showed  variations  from  transmitter  to  : 
transmitter  and  within  a  single  transmitter  from  time  to  time. 
There  was  also  a  lack  of  symmetry  of  the  zones,  which  tended  to 
influence  the  scoring.  No  statistical  estimate  of  the  reliability  of 
scores  on  the  Firing  Error  Indicator  is  available.  The  reliability 
would  be  expected  to  be  low  with  the  equipment  used  in  the  ex¬ 
ploratory  tests  (pf  the  device.  With  more  refined  equipment, 
which  was  developed  but  not  fully  tested,  the  full  potentialities  of 
this.promismg  aerial  target  might  have  been  realized. 

The  Frangible  Bullet  Trainer.— The  Frangible  Bullet  Trainer 
lepresented  another  potential  criterion  of  firing  proficiency.  It 
"  consisted  of  a  specially  adapted  caliber  0.30  machine  gun,  special 
ammunition  which  shattered  upon  contact  with  armor  plate,  and 
a  specially  armored  pursuit  ship.  The  frangible  projectile  was 
constructed  of  a  material  which  was  sufficiently  cohesive  to  allow 
the -projectile  to  be  fired,  yet  which  was  breakable  enough  so  that 
it  would  shatter  upon  striking  armor  plate.  The  armored  pursuit 
ships  flew  attacks  against  which  the  gunner  fired,  using  the  spe¬ 
cial  gups  and  ammunition.  Hits  were  recorded  by  an  electronic 
apparatus  within  the  fighter.  Despite  a  promising  amount  of 
realism,  there  were  certain  defects  which  tended  to  render  the 
situation  unsuitable  for  use  as  a  criterion  of  firing  proficiency. 
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The  basic  diffieulty  was  the  reduction  of  the  muzzle  velocity  of 
the  frangible  projectile  to  1,350  feet  per  second,  or  one-half  the 
mu^le  velocity  of  the  caliber  0:50  projectile.  This  lowered  speed 

a  revision  of  the  deflection  problem 

thof«  rpnnt P€fIectiona  re(lufred  were  different 
from  those  required  for  firing  in  combat.  Sights  had  to  be  ad¬ 
justed  to  compensate. for  these  differences  in  required  deflection, 
and  an  undetermined  amount  of  distortion  of  the  gunner's  prob¬ 
lem  was  introduced.  v 

In  addition  to  jBiase  difficulties,  the  scores  obtained  on  tho 
IVangrble  Bullet  Trainer  were  relatively  unreliable.  As  in  the 
traditional  air-to-air  firing  situation,  too  small  a  proportion  of  the 
gunner’s  bulleta  were  recorded  as  hits.  For  example,  in  one  . 
study  the  mean  percentage  of  hits  was  3  percent  (see  p.  244). 
Reliable  scores-  could  be  obtained  in  this  situation  only  with  .tT' 
tremendous  amount  of  firing.  Single  mission  reliabilities  of  0  07 
were  typical,  although  reliabilities  as  high  as  0.50  were  obtained 
by  combining  data  from  18  missions  (see  p.  244) .  These  factors 
limited  the  usefulness  of  the  Frangible  Bullet  Trainer  situation  as 
a  criterion  of  firing  proficiency.  The  trainer  was  not  used  as  a 
criterion  in  any  research  studies.  •  ..  . 

The  gun  camera.— The  gun  camera  was  a  device  by  means  of 
which  a  gunner  took  pictures  of  his  aiming  point  instead  of  shoot¬ 
ing  bullets  at  it.  The  gun  camera  was  installed  in  a  standard  gun 
position.  Fighter  aircraft  flew  attacks  against  the  gunner's  ship. 
The  gunner  "fired"  at  them  with  the  camera  gun,  just  as  he  would 
do  if  he  were  using1  real  ammunition.  Various  devices  existed  for 
determining  where  the  gunner's  aiming  point  should  be  if  he  were 
aiming  correctly.  When  noncomputing  or  rioncompensating  sights 
were  used,  a  determination  of  the  aiming  error  was  made  by 
measuring  the  distance  from  the  theoretically  correct  point  of  aim 
to  the  gunner’s  actual  point  of  aim  as  indicated  on  the  gun  camera 
film.  This  type  of  assessment  rested  upon  the  assumption,  of . 
course,  that  the  computed  point  of  aim  was  actually  correct,  an 
assumption  which  may  not  have  been  fulfilled  in  all  cases.  In  the 
case  of  computing  or  compensating  sights,  the  gun  camera  was 
mounted  so  that  the  pictures  were  taken  through  the  optic  head 
of  the  sight.  In  such  cases,  the  film  was  assessed,  not  in  terns  5 
of  the  gunner’s  ability  to  hit  the  attacking  aircraft,,  but  in  terms 
of  his  ability  to  manipulate  the  sight  correctly.  The  assumption 
was  made  that  if  the  gunner  were  operating  the  sight  correctly,  as 
indicated  by  the  gun  camera  film,  he  was  getting  "hits"  on  the 
target,  and  his  proficiency  was  assessed  accordingly.  v  ' 

From  the  gunner’s  standpoint,  the  assumption  of  the  validity  of 
the  equipment  was  the  fairest  one  to  make.  The  gunner  could 
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not  be  expected  to  be  more  proficient  than  the  equipment  he  was 
given.  A  more  accurate  statement  of  the  objective  for  this 
situation  would  have  been  that  the  gunner  was  to  operate  his 
equipment  in  the  manner  indicated  by  the  instructionsgiven  to  him 
for  its  use. 

Several  deficiencies  in  the  gun  camera  situation  did  exist.  For  ' 
one  thing,  there  was  no  actual  firing  of  the  guns.  This  involved 
a  different  psychological  situation  from  the  situation  in  which 
the  guns  were  actually  fired,  and  constituted  a,  real,  although  per¬ 
haps  not  serious,  loss  of  realism.  Attempts  to  remedy  this  loss 
by  the  firing  of  blank  ammunition  were  never  entirely  successful, 
although  this  possibility  should  be  considered  in  evaluating  the 
camera  gun  situation,  A  more  serious  objection  was  that  gun 
camera  missions,  like  combat  missions,  were  exceedingly  difficult 
to  control.  Th.s  resulted  in  a  lowering  of  the  reliability  of  the  j 
scores  obtained  on  gun  camera  missions,  since  it  was  difficult  to  j 
present  a  -gunner  with  the  same  task  on  successive  missions  (see 
pp.  222-230  form  detailed  discussion  of  the  complex  problem  of 
reliability  of  gun  camera  scores).  This  lack  of  score  reliability 
was  emphasized  by  the  small  sample  of  behavior  which  was  typi¬ 
cally  taken,  both  with  respect  to  the  number  of  gun  camera  mis^ 
sions  flown  and  with  respect  to  the  amount  of  firing  accomplished 
on  each  mission  per  gunner.  It  should  be  noted  that  the  reliability 
of  scores  obtained  within  a  mission  was  typically  higher  than  the 
reliability  of  scores  obtained  between  two  diff  erent  missions.  The 
lack  of  score  reliability  did  not  affect  group  means  on  gun  camera 
performance  to  the  extent  that  individual  scores  were  affected. 
Consequently,  the  camera  gun  was  considered  to  be  of  greater  « 
value  as  a  group  than  as  an  individual  criterion  of  firing  proficiency. 
One  other  deficiency  of  the  gun  camera  situation  was  that  much 
of  the  film  which  was  exposed  was  not  clearly  enough  defined  for 
scoring  purposes.  This  photographic  deficiency  made  it  difficult 
to  obtain  comparable  film  records  for  a  group  of  gunners;  $ilm 
which  was  poorly  exposed  or  which  was  spoiled  in  development 
coujd  not  be  made  up  in.  an  experimental  situation  without  intro¬ 
ducing  an  additional  variable  of  uncontrolled  practice.  Notwith¬ 
standing  these  deficiencies,  the  gun  camera  situation,  if  controlled 
with  tlm  greatest  care,  was  considered  to  be  the  most  adequate 
single  criterion  of  firing  proficiency  which  was  available.  It  was 
used  as  a  criterion  in  several  research  studies,  reported  in  chap¬ 
ters  6  and  9.  ■. 

Conclusions 

1.  Scores  derived  from  combat  could  not  be  used  for  the  purpose 
of  assessing-  firing  proficiency  because  of  the  large  number  of 
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factors,  extraneous,  to  the  gunnels  proficiency,  which  influenced 
the  obtained  results. 

2.  In  the  establishment  of  a  substitute  criterion  of  firing  profit 

ciency,  it  was  .,ot  possible  to  determine  the  validity  of  the  criterion 
situation  directly.  Validity  had  to  be  estimated  by  gunnery  Ex¬ 
perts.  In  making  such  estimates  of  validity,  carefully  worked-out 
job  descriptions  of  the  relevant  aspects  of  the  combat  situation 
proved  to  be  of  value.  .  . " 

3.  In  the  establishment  of  a  substitute  criterion,  it  was  difficult 
to  construct  a  situation  which  had  a  high  degree  of  apparent 
validity.  It  was  exceedingly  difficult  to  obtain  a  situation  in  which 
the  factors  of  thegunner’s  own  speed,  the  speed  and  course  of  th.e 
attacking  fighter  and  the  ballistic  characteristics  of  \the  gunner’s 
weapon  were  realistically  portrayed. 

4.  Ground  situations  were  easier,  to  control  than  aerial  situa¬ 
tions.  Hence,  the  scores  from  them  were  more  likely  to  be  re¬ 
liable;  yet  ground  situations  typically  had  less  apparent  validity 
than  aerial  situations. 

5.  Scores  obtained  in  aerial  situations  were  influenced  by  many  • 
factors  which  were  extraneous  to  the  gunner’s  ability.  These 
factors  tended  to  lower  the  reliability  of  the  scores  obtained. 

6.  A  number  of  potential  criteria  of  firing  proficiency  employed 
scores  which  had  a  theoretical  rather  than  an  actual  basis.  The 
gun  camera  and  the  Jam-Handy  (E-14)  were  examples  of  this. 
Scores  obtained  in  these  situations  were  based  upon  certain 
mathematical  assumptions  and  computations.  They  reflected  a 
definition  of  the  gunner's  objective  in  terms  of  his  ability  to 
manipulate  his  equipment  according  to  instructions  given  to  him 
rather  than  in  terms  of  his  demonstrated  ability  to  hit  the  target 

7.  In  situations  which  required  the  gunner  to  fire  his  guns  at 
•realistic,  targets,  the  gunner’s  problem  became  so  difficult  that 
only  a  small  proportion  of  hits  were  recorded.  This  would  be 
expected  to  reduce  the  reliability  of  the  measures  taken  in  those 
situations.  Tc  increase  the  sizer  of  the  target  was  impracticable. 
What  was  needed,  therefore,  was  a  realistically  sized  target  aim¬ 
ing,  point  surrounded  by  a  nonmaterial  target  scoring  area.  This 
advantage  was  possessed  by  two  types  of  devices,  the  gun  camera 
and  the  Firing  Error  Indicator.  Gf  those,  only  the  Firing  Error 
Indicator  represented  a  situation  in  which  guns  were  actually 
fired  and  in  which  scoring  of  actual  hits  rather  than  of  theoretically 
inferred  hits  took  place.  The  Firing  Error  indicator  was,  how¬ 
ever,  less  realistic  than  the  gun  camera  in  respect  to  the  target 
used,  and  it  had  mechanical  and  electronic  inadequacies. 
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8.  The  gun  earner*  situation  was  considered  to  be  the  best 
single  criterion  available  for  the  assessment  of  firing  proficiency. 

Attempts  to  Obtain  a  Criterion  of  Gunnery  Proficiency  on 
Subsidiary  Skills  .  ~  r*  V, ' 

Previously  in  this  chapter,  emphasis  has  been  placed  upon  the 
fact  that  the  gunner's  primary  job  was  to;  shoot  effectively.  How¬ 
ever,  there  were  certain  contributory  skills  which  were  requisite 
for  the  successful  accomplishment  of  the  major  purpose  of  the 
gunner.  The  gunner  was  not  just  a  gunner;  ha  was  also  a  gun- 
mechanic.  In  order  to  be  able  to  shoot  when  attacked  by  an  enemy 
fighter,  he  had  to  have  his  equipment  in  perfect  working  order. 

1  Guns  had  to  be  cleaned,  ammunition  checked,  turrets  loaded,  guns 
and  sights  accurately  harmonized,  turrets  checked  for  smooth  op¬ 
eration.  These  were  normally  the  responsibilities  of  the  gunner.  ‘ 
The  gunner  was  also  a  crew  member,  which  meant,  that  he  had 
certain  responsibilities,  for  the  safety  and  efficiency  of  other  men 
in  the  bomber.  He  had  to  be  able  to  use  the  interphone,  he  had  to 
know  first  aid,  he  had  to  know  emergency  procedure,  he  had  to  be 
observant  of  events  and  objects  which  might  have  intelligence 
value.  Finally,  the  gunner  had.  to  keep  himself  ready  for  action. 
He  liad  to  protect  himself  from  cold  and  from  lack  of  oxygen.  He 
had  to  be  able  to  use  and  keep  in  good  condition  his  personal 
equipment.  These  important  subsidiary  skills  of  the  gur:?*e r  were 
measured  by  achievement  tests  and5  by  phase  checks. 

Phase  check*. — Phase  checks  were  developed  as  measures  of  the 
gunner’s  Ability  to  adjust  and  maintain  his  equipment.  The  phase 
check  situation  allowed  the  observation  and  measurement  of  be¬ 
havior  under  relatively  constant  conditions.  Of  all  of  the  meas- 

f  proficiency,  the  phase  checks  pos¬ 

sessed  the  highest  degree  of  apparent  validity.  The  phase  check, 
moreover,  did  not  assess  a  small  sample  of  behavior  but  included 
all  essential  aspects  of  the  performance  of  the  task;  This  was  true 
to  such  an  extent  that  phase  checks  could  be  used  hot  for  meas¬ 
urement  alone,  but  also  as  a  course  of  study.  Study  of  the  chase 
ch^k  itself  did  not  invalidate  later  measures 
if  the  student  were  able  to  pass  the  check,  he  had  adequate’skifl 

Lelo^forllmS M  °f  measured*  checks  were 

Cpnnected  With  the  maintenance 
ana  adjustment  of  any  type  of  gunnery  equipment  - 

*r  tsssst  tha\they 


The  biggest  deficiency,  of  course,  was  that  the  checks  did  not 

measure  the  most  essential  aspect  of  the  gunner’s  task. 

As  the  gunnery  training  program  developed,  and  especially  as 
curriculums  were  based  upon  phase  checks,  the  great  majority  of  ’* 
gunners  became  satisfactorily  proficient  in  the  areas  measured  by 
phase  checks.  There  existed  no  requirement  for  differentiating  ‘ 
precisely  among  gunners,  all  of  whom  had  reached  a  high  level  of' 
proficiency. 

Achievement  teats. — In  certain  areas  of  gunnery  knowledge, 
proficiency  could  not  be  measured  either  by  the  application  of 
phase  check  techniques  or  by  use  of  some  substitute  criterion  sit* 
uation.  This  was  particularly  true  of  proficiency  in  theoretical 
knowledge  and  proficiency  in  emergency  procedures.  Proficiency  ■ 
in  such  areas  was  measured  by  printed  achievement  tests.  Al¬ 
though  a  determination  of  whether  or  not  proficiency  on  the  tests 
might  be  expected  to  correlate  with  the  efficiency  of  the  gunner  in 
combat  was  not  made,  it  was  assumed  that  under  certain  circum¬ 
stances,  at  any  rate,  such  proficiency  would  be  important. 
Achievement  examinations  which  were  constructed  in  these  areas  ' 
were  heavily  loaded  with  pictorial  items  in  an  effort  to  reduce  the 
factor  of  verbal  facility  to  a  minimum.  These  tests  yielded  scores 
which  had  reliabilities  centering  around  0.90  (see  chapter  7). . 


Attempts  to  Obtain  A  Single  Criterion  Score  .  : 

Ideally,  for  a  criterion,  one  would  desire  a  single  score  which 
would  reflectin  a  dependable  and  sensitive  fashion  the  proficiency 
of  the  individual  gunner  as  compared  with  other  gunners.  .Much 
of  the  research  to  be  reported  subsequently  gave  promise  of  im¬ 
proving  gunnery  training  techniques  to  the  point  where  pass-fail 
in  gunnery  school  would  have  provided  a  reasonably  adequate 
single  criterion.  Actually,  however,  the  problem  of  arriving  at  a  - 
single  criterion  never  fell  within  the  realm  of  achievement  in  gun¬ 
nery.  Most  effort  was  directed  toward  the  development  of  discrete 
criteria  y/hich  could  be  used  to  obtain  estimates  of  the  relative 
validity  o if  various  selection  and  training  procedures. 
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The  Selection  of  Gunners 

Capt.  Lawrence  M.  Stolurow 
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INTRODUCTION 

*  %  #  *  ,  ' 

Six  Periods  of  Development ' 

The  problem  of  selecttonof 'gunners  was  manifold  and  constantly 
changing,  requiring  the  use  of  many  different  hypotheses  In  the 
determination  of  the  techniques  and  instruments  to  be  used.  Al¬ 
though  changes  in  methodology  and  in  the  emphasis  given  specific  * 
problems  proceeded  along  rather  gradual  lines  of  development,  six 
specific  periods  in  the  development  of  selection  procedures  can  (be  * 
identified.  •*  \*  >  . 

The  first  period  was  an  exploratory  one.  In  it,  an  attempt  was  ’ 
made  to  define  the  variables  making  for  success  in  gunnery  school, 
and  to  try  out  various  tests  against  existing  criteria.  The  second 
period  was  characterized  by  the  development  of  a  single  printed 
test  based  on  valid  items  from  various  tests  that  had  been  tried 
out  experimentally.  The  third  period  was  characterized  by  the 
developments  a  more  elaborate:  selection  program  comparable  to 
that  used  in  the  selection  of  bombardiers,  navigators,  and  pilots.. 

In  period  four,  investigations  of  appropriate  methodology  and  de¬ 
vices  for  the  measurement  of  attitudes,  motivation,  and  adjust¬ 
ment  were  undertaken.  In  period  five,  the  prediction  of  gun 
camera  scores  by  aptitude  tests  was  explored  in- experiments  con¬ 
ducted  in  collaboration  with  the  AAF  School  of  Aviation  Medicine.. 
Period  six  was  concerned  with  the  selection  of  B-29  gunners  and  » 
the  use  of  stanines  for  this  purpose,  plus  the  determination  of  the 
effectiveness  of  available  and  of  newly  developed  tests  in  predict?  . 
ing  success  in  this  type  of  training.  The  information  accumulated 
in  the  first  three  periods  had  considerable  transfer  value  to  the 
R— 29  selection  program  and  facilitated  the  introduction  of  .  the 
selection  program  for  these  gunners. 
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The  Interaction  of  Training  and  Selection  . 

The  six  periods  in  the  development  of  the  selection  program 
should  be  considered  against  a  background  of  changing  conditions 
of  training.  The  impact'  of  changes;  in  gunnery  equipment  and 
methods  on  the  determination  of  the  dolls  which  were  important 
for  prediction  in  a  selection  program  was  great,  and  frequent 
changes  in  equipment  forced  all  possibility  of  a  uniform  selection 
program  into  the  background.  The  speed  with  which  equipment 
changed  and  the  large  number  ox  gunners  trained  under  a  variety 
of  conditions,  combined  with  the  absence  of  an  adequate  criterion 
of  gunnery  proficiency,  made  the  application  of  systematic  statis¬ 
tical  studies  for  the  improvement  of  a  selection  battery  uneconom- 
ical..  . 

An  example  of  the  influence  of  equipment  changes  on  the  deter¬ 
mination  of  the  factors  which  were  important  in  predicting  suc¬ 
cess  in  gunnery  was  the  shift-in  importance  attached  to  numerical 
aptitude  as  a  requisite  for  gunnery  training.  In  the  early  days 
of  gunnery  training,  a  method  of  sighting  was  used  which  re¬ 
quired  the  gunner  to  make  rapid  arithmetical  calculations.  Later 
on,  this  type  of  proficiency  became  relatively  unimportant,  since 
compensating  and  computing  sights'  performed  all  the  calculations 
that  were  necessary.  Increasing  stress  was  placed  on  the  smooth 
manipulation  of  equipment,  concurrently  with  reduced  demands 
upon  the  gunner  for  mastering  of  theory  and  factual  information. 
This  in  turn  meant  increased  emphasis  on  perceptual  and  manipu¬ 
lative  aptitudes  and  reduced  emphasis  upon  intellectual  qualities. 

The  need  for  gunners  was  not  determined  solely  by  replacement 
requirements  but  also  by  requirements  for  gunners  for  new  squad¬ 
rons  and  groups.  The  flow  of  gunners  was  regulated  by  such 
factors  as  the  capacity  of  available  training  installations  and  the  11 
number  of  men  who  were  initially  available  for  training  as  gun-’ 
ners.  Consequently,  up  until  the  initiation  of  the  B-29  training 
program,  aptitude  requirements  could  not  be  used  to  indicate 
which  men  should  be  assigned  to  gunnery  schools.  ■ 

Although  in  most  cases  the  training  program  determined  the 
nature  of  selection  research,  in  some  instances  developments  in 
selectmn  techniques  resulted  in  changes  inf  raining.  For  example, 
studies  of  attitudes  and  motivation  of  gunners,  originally  done  for 

Slt"Se,in/fC.ti0n'  re?lted  in  valuable  suggestions  for  the 
improvement  of  training.  Again  studies  of  the  use  of  the  B-29 

pedestal  sight  manipulation  test  indicated  that  it  could  be  used  as 
a  training  device  as  well  as  a  selection  test. 

...J1?®  "i0?  of  selection  and  training  was  nowhere  better  ' 
illustrated  tnan  in  the  B-29  gunnery  program.  Since  the  total 
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number  of  men  needed  for  this  type  of  training  was  less  than  the 
total  number  of  gunners  to  be  trained,  it  was  possible  to  send 
men  with  most  aptitude  into  B-29  gunnery,  and  to  send  men  with 
less  aptitude  to  B-17,  B-24,  and  other  types  of  training.  And 
since  men  were  being  systematically  selected  for  B-29  training,  it 
was  possible  to  pitch  the  B-29  training  program  at  a  higher  level 
than  was  possible  for  other  gunnery  programs. /j ,  .  . 

,  The  process  of  training  provided  a  further  means  of  selecting 
gunners  by  the  elimination  of  those  men  who  failed  to  meet  mini-  • 
mum  requirements  for  proficiency  in  training.  Thus  selection 
tests  were  supplemented  by  a  practical,  job-sample  test  of  the 
gunner's  ability  to  perform  in  a  situation  that  was  a. step  closer  to 
his  combat  job.  This  chapter  will  conclude  with  a  discussion  of 
the  elimination  policies  followed  in  the  AAF  Training  Command 
gunnery  schools.  .  *'  ■  «■  ’  -v  *  •  *  . 

)  »r  -  .  *«  1''  »  *  •*  *  *  ’  '** 

EXPLORATORY  STUDIES  OF  TESTS  FOR  THE  SELECTIONOF 

GUNNERS  - 

i 

In  September  1942,  when  the  three  Psychological  Research, De¬ 
tachments  at  Tyndall,  Harlingen,  and  Las  Vegas  were  activated,  • 
their  mission  included  two  areas  of  investigation :  the  selection  of 
graduate  gunners  to  be  trained  as  low-altitude  bombardiers  and 
the. construction  of  aptitude  tests  for  use  in  the  selection  of  stu-, 
dents  to  be  given  gunnery  tiaining.  The  selection  program  for 
low-altitude  bombardiers  soon  became  a  matter  of  routine  admini¬ 
stration,  and  the  activities  of  the  detachments  were  centered? 
around  the  task  of  developing  a  selection  test  battery  for  flexible- 
gunnery.1  The  testing  battery  to  be  developed  for  the  selection  of 
flexible  gunnery  students  would  eventually  be  used  by  .the  AAF- 
Technical  Training  Command.  The  policies  of  that  command  re¬ 
quired  that  the  battery  be  suitable  for  mass  administration  within 
a  time  limit  of  approximately  2  hours.  ,/;  ■.  /  . 

-  4  . 

Description  of  Characteristics  to  be  Measnred  *  ^ 

The  existing  gunnery  training  program  largely  shaped  the  early 
selection  program,  for  the  job  description  upon  which  the  first 
choice  of  tests  was  made  included  for  the  most  part  the  factors 
associated  with  success  in  gunnery  school.  Other  factors  assumed 
to  be  associated  with  success  in  combat  were  given  little  weight. 

■  •  •  *  w  „ 

1  ThI*  work  wax  dost  under  the  direction  of  MaJ.  C.  W.  Brown  And  Maj.  Roger  W,  Hutidl 
At  Liaa  Vegas,  c»pt.  Qlen  Finch  And  Cspt-  John  T.  Unlley  At  Harlingen,  And  ka],  Nicholas 
Hobbs  And  MaJ.  Qlen  U  Heathers  at  Tyndall. 

•See  chapter  5  for  a  more  thorough  dlecusslon  of  the  apUtudee  considered  relevant  U 
tunnery. 
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Description  of  the  gunner’s  job  in  terms  of  relevant  behavioral 
characteristics  were  based  upon  talks  with  school  omcia^  ^  in¬ 
terviews  with  successful  and  unsuccessful  gunnery  students,  on 
examination  of  instructional  materials,  on  observations  made  by 
psychologists  going  through  the  regular  course  of  training,  and 
on  study  of  elimination  policies.  tr  u  uahmU 

At  the  time  of  this  initial  job  description  the  elimination  poli¬ 
cies  in  force  resulted  in  eliminating  approximately  5  percent  of 
the  students  in  each  class.  The  reasons  for  elimination  at  this 
time  were  as  follows:  (a)  physical-medical,  (b)  military  disci¬ 
pline,  (c)  fear  of  flying,  (d)  information  proficiency,  (e)  manual 
proficiency,  and  (f)  firing  proficiency.  Attention  was  directed 
primarily  toward  the  last  three  of  these  reasons  in  the  formula? 
tion  of  initial  efforts  to  predict  failure  in  gunnery  training. 
Using  these  reasons  for  elimination  as  .  a  guide,  tests  which  pur¬ 
ported  to  measure  those  abilities  and  aptitudes  likely  to  be  asso-- 
dated  with  success  in  training  were  selected,  and  new  testa 
designed  for  gunnery  selection  were  constructed. 

Tryout  of  an  Exporatory  Battery 

The  abilities  and  aptitudes  which  seemed  to  have  promise  of 
being  related  to  successful  performance  included  the;,  following : 
learning,  mathematical  ability,  verbal  facility,  visual  perceptual 
skills,  mechanical  comprehension,  motor  coordination,  interests 
related  to  the  job,  and  requisite  personality  traits.  It  should  be 
noted  that  this  description  of  factors  pertinent  to  the  gunner’s 
duties  was  based  on  the  course  of  instruction  followed  in  the  fall 
of  1942,  The  gunnery  course  was  subsequently  modified  many 
times.  The  traits  remained  important  but  their  relative  signifi¬ 
cance  changed. 

The  battery  of  tests  used  in  the  selection  of  low-altitude  bom¬ 
bardiers,  which  is  listed  in  Table  6.1  along  with  pertinent  informa¬ 
tion  concerning  the  tests.,  provided  one  exploratory  -battery  for  the 
tion  of  flexible  gunners.  Tests  1  through  7  were  printed 
,  and  numbers  8  through  10  were  apparatus  tests.  This  bat¬ 
tery  was  administered  to  all  gunnery  students  as  part  of  their  reg¬ 
ular  school  program.  Haring  put  into  effect  an  initial  battery 
which,  it  was  anticipated,  would  yield  data  on  a  variety  of  apti¬ 
tudes,  work  was  begun  on  the  planning  of  specifically  designed 
new  tests,  and  also  on  investigations  of  the  criterion. 

In  the  absence  of  a  criterion  of  combat  proficiency,  the  decision 
was  made  to  use  success  in  gunnery  school  as  the  best  substitute 
criterion.  Investigation  of  criterion  measures  in  use  at  the  gun¬ 
nery  schools  led  to  the  conclusion  that  the  best  measures  available 


in  the  schools  were  :  (a)  air-to-air  firing  scores,  (b)  ground  range 
firing  scores,  (c)  academic  grades,  and  (d)  graduation-elimina- 

Tablk  6.1. — Initial  exploratory  [battery  cf  aviation  cwiet  classification  tests 
for  predictinggunnery  proficiency  , 

(8ept*mber-Novem  her  It  it) 


T»«t  Area  Scoria* 
weight*  weight  formula  * 


Test*  of  mathematical  knowledge -and  reasoning ;• 

1.  Numerical  operation* _ - _ CI702B 

2.  Mathematics — J _ _ _ _ _ CI70SA 

3.  Numerical  approximations _ _ _ CI708A 

Tests  of  alertness  and  observation.... _ _ 

4.  Spatial  orientation _ _ _ _ _ CP501B.. 

6.  Speed  of  identification. _ _ CP610A.. 

Tests  of  technical  Information  and  Interest _ 

6.  Mechanical  principles _ _ _ CI903A. 

7.  Technical  vocabulary _ i — 1 CE505Cr. 

Tests  of  psychomotor  abilities.. - - - 

8.  SAM  visual  coincidence  reaction  time _ CP813A— 

9.  SAM  discrimination  reaction  time _ CP811D-. 

10.  SAM  two-hand  coordination - CM101A-. 


‘These  weights,  which' were  initially  assigned  for  selection  of  X>-8  Bombardiers,  were 
used- in  arriving  at  a  composite  score  on  the  10  tests.  The  weights  Indicated  were  applied 
after  correction  for  their  respective  standard  deviations. 

*  Scoring  formula  after  correcting  for  sigma  differences.  _  ' 

•See  Aviation  PsychoIogy  Program  Report  No's.  4  and  5  for  reliability  ngursa. 

tion.  The  performance  required  of  a  gunner  on  air-firing  mis¬ 
sions  superficially  appeared  to  approximate  more  closely  the  per¬ 
formance  required  in  combat  than  the  other  measures.  At' 
Tyndall -and  Harlingen,  however,  the  reliability  of  air  firing  scores 
approached  zero.  At  Las  Vegas  the  coefficients  of  reliability  for 
air  gunnery  scores  for  classes  42-39  through  42-44  ranged  be-, 
tween  .32  and  .44.  By  combining  air-to-air  firing  scores  with 
caliber  .30  ground-to-ground  firing  scores,  the  range  of  reliabilities 
for  these  classes  at  Las  Vegas  was  raised  to  a  level  of  0.50  to  0.69. 

The  preliminary  battery  of  tests  described  above  was  adminis¬ 
tered  to  more  than2000  gunnery  students  at  the  3  schools  in  Sep¬ 
tember  and  October  of  1943.*  Data  on  the  Army  General  Classi- 


Table  6.2. — Intercorrelations  among  various  criteria  used  (October  191ft)1 


Academic  grades  vs.  air- 

to-air  scores _ 

Academic  grades  vs,* 

ground  range  score* _ 

Ground  range-score*  vs.* 
air-to-air  s-orea. _ 


1  The  number  of  time*  In  100  tbst  a  coefficient  as  large  as  eacn  one  ontsineo  wouia  o# 
expected  to  arise  by  chance  Is  Indicated  by  tbe  following  system .  No  asterisk .  more  t  a 
5  times: In  i00:  •  :  between  1  and  5  times  in  100;  •*.  1  s  *h»n  1  time  In  100. 

'Ground  range  scores  were. available  for  Las  Vegas  data  only. 

*  Intercorrelations  of  these  tests,  based  on  scores  of  OC’  students  In  the  3  schools  are 
presented  In  Table  1;  Appendlx  B. 


Tyndall 

42-42 

(N=161) 

Tynday 
42-43  * 
(N=132> 

Harlingen 
42-41  , 
(N=156) 

Harlingen 

42-42 

(N=75) 

0.05 

—0.17  • 

0,14 

0.01 

S 

__  — 

1  -  1 

,  *  ** 

^  * 

0.05 

0.07 

.15  •  ' 

.21  •• 

.22  •• 

.57  •• 

$ 

flcation  Test  (AGCT)  and  Army  Mechanical  Aptitude  Test  (MA) 
were  obtained  from  the  Soldier's  Qualification  Cards  (form  20’s) . 
Data  on  each  of  the  four  criteria  listed  above  were  secured  from 
school  records.  Validity  coefficients  were  computed.for  each  clasc 
separately. 

The  intercorrelations  among  the  criteria  are  shown  in  table  6.2. 
The  fact  that  these  correlations  were  low  was  interpreted  to  imply 
that  each  criterion  measure  should  be  treated  separately  in  the 
statistical  analysis.  It  was  noted,  however,  that  some  promise  .of 
a  relationship  between  ground  range  scores  and  both  air-to-air 
firing  and  academic  grades  appeared.  A  low  correlation  between 
air-to-air  firing  and  academic  grades  was  found  in  all  three 
schools. 

In  the  prediction  of  air-to-air  firing  scores,  it  was  found,  as 
shown  in  table  6.3,  that  most  of  the  validity-  coefficients  were  low 
and  that  considerable  variation  in  the  values  appeared.  Certain 
tests-  appeared  to  have  possibilities,  including  Mechanical  Prin¬ 
ciples,  CI903A,  Two-Hand  Coordination,  CM101A,  Visual  Coinci¬ 
dence  Reaction  Time,  CP613A,  and  the  Army  Mechanical  Aptitude 
Test  (MA);  The  composite  score  on  all  10  aviation  cadet  tests 
also  showed.promise.  Speed  of  Identification,  CP610A,  and  Spa; 
tial  Orientation,  C.P501B  and  CP603B,  yielded  fairly  high  coeffi¬ 
cients  iii  some  classes.  It  was  noted,  however,  that  among  the 
tests  enumerated  above,  only  Mechanical  Aptitude  yielded  coeffi¬ 
cients  which  were  sufficiently  homogeneous  statistically  to  permit 
combining  the  groups  for  determination  of  a  correlation  for  the 
entire  population.  The  primary  implication  of  these  results  was 
that  further  work  on  the  standardization  of  air-to-air  firing  and 
an  increase  in  the  reliability  of  criterion  scores’  might  permit  pre¬ 
diction  of  proficiency  in  this  area  by  the  tests  used,  with  some 
.•degree  of  consistency;'  ’  1  ’  ’  • 

Usable  data  on  ground  range  proficiency  were  limited  to  classes 
42—40  and  42-41  at  Las  Vegas.  The  ground  range  score  was  a 
composite  value  obtained  by  combining  scores  earned  on  Skeet, ' 
Moving  Base,  Moving  Target,  the  .22  Caliber  Range,  and  the  B.  B. 
Itange.  For  these  data,  as  reported  in  table  6.4,  the  apparatus 
testa— -Visual  Coincidence  Reaction  Time,  CP613A,  Two-Hand 
Coordination,  CM101A,  and  Speed  of  Reaction,  CP611D— ap¬ 
peared  most  promising.  Coefficients  of  0.23  and  0.25  were  ob- 
teined  for  composite  scores  on  the  10  aviation  cadet  tests.  Several 
of  the  printed  tests  appeared  to  have  some  possible  value  for  ore* 
dieting  ground  range  scores.  .  *P 

The  validity  coefficients  against  academic  grades,  presented  in 
table  6.5,  were  noticeably  higher  than  those  found  for  the  other 
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criteria.  Among  the  teats  which  had  relatively  high  validities 
were  Technical  Vocabulary,  CE505C,  Mathematics,  CI70BA,  Nu» 
merical  Operations,  CI702B,  AGCT,  and  MA.  The  composite 
score  on  the  aviation  cadet  tests  was  also  high,  with  a  median  co¬ 
efficient  of  0.45  for  14  classes.  The  values  for  AGGT  and  MA, 
which  had  median  coefficients  of  0.38  and  C  .32  respectively,  were 
given  special  consideration,  because  scores  on  these  tests  were 
already  available  for  most  gunners  prior  £o  their  assignment 
Examination  of  the  data  presented  in  table  6i5  revealed  consider¬ 
able  variation  in  the  size  of  the  coefficients,  an  observation  which 
was  borne  out  by  analysis  of  their  statistical  homogeneity.  Of  all 
the  tests,  only  two  showed  an  amount  of  variation  small  enough  to 
be  expected  to  arise  by  chance  as  often  as  b  times;  in  100.  iJ* 
though  the  reason  for  this  variation  cannot  definitely  be  assigned, 
observations  of  gunnery  schools  at  this  time  suggested  that  vari¬ 
ations  in  testing  and  training  conditions  for  the  academic  criterion 
probably  provided  the  chief  source,  of  variation. 

Biserial  correlation  coefficients  of  the  various  tests  with  gradua¬ 
tion-elimination  are  presented  in  table  6.6.  Interpretation  of 
these  results  is  complicated  by  the  fact  that  in  computing  the  co¬ 
efficients  on  the  Harlingen  data,  the  standard  deviation  on  the' 
test  was  determined  for  graduates  only  rather  than  for  the  total 
group.  This  means  that  the  reported  biserials  are  probably  over¬ 
estimates  to  some  extent  To  overcome  this  difficulty,  coefficients 
were  determined  for  825  students  in  3  classes  at  Las  Vegas;  but 


Table  6.6. — Biterial  correlation*  for  It  proposed  gunnery  selection  tests  and 
composite  score  on  10  cadet  classification  tests  against  graduation— elinti-  - 
nation  from  gunnery  schooi(  October 'November  194t) 


Mfch.  prln. - 

Kumer.  oper. - _ 

Speed  ident _ 

Numer.  approx. _ _ 

Tech.  toc. _ 

Spatial  orient. - 

Speed  react _ . _ 

Two-Hand  coord - 

VUuat  coincidence.. - 

Composite  (10  teeta) _ 

AGCT 1 * *  4 _ 

MA.* - 


C1903A 

C1702B 

cmoA 

C1708A 
CI703A 
CE505C 
CP501B. 603B 
CP6UD 
CM101A 
CP61aA 


Harlingsat 

1 

M. 

Mr 

SD, 

rats 

3.89 

3.73 

6.95 

o.ie 

16.25 

18.30 

6.13 

—.17 

25.73 

16.93 

7.50 

.60 

11.24 

7.05 

5.71 

.38 

7.87 

4.10 

5.30 

.36 

21.03 

10.25 

13.59 

.41 

47.80 

42.12 

12.52 

.24 

95.65 

82.78= 

20.18 

.32 

52.97 

51.20 

10.61 

.09 

51.01 

48.50 

8.32 

.15 

328.76 

281.47 

64.84 

,44 

111.79 

101.68 

12,96 

.42 

105.41 

98.15 

16.49 

.25 

1  For  tha  Harlingen  data,  H,=621  and  B,=91  percent.  In  computing  the  bUeral  r*«,  the 
8D  of  the  graduating  group  waa  used  m  an  estimate  of  the  SD  of  the  total' group.  Claaeea 
42-40  through  42-45  were  used. 

*For  tha  Las  Vegas  data,  Nt=825  and  P,  Is  unknown.  Classes  42-44  through  42-46 
were  used. 

•For  N=825  and  <=81,  a  blserlsl  r  as  large  as  0.14  would  he  expected  to  occur  hr 
chance  less  then  5  times  In  100;  a  btserlal  r  as  lsrgt  asO.18  would  be  expected  to  occur 
hr  chance  less  than  1  time  In  100. 

4  N  Is  somewhat  smaller  because  of  missing  data. 
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for  this  group  the  value  of  pb  is  unknown.  It  appearc.ifrom  the 
data  obtained  that  Speed  of  Identification,  CP610A,  Mathematics,- 
CI708A,  Technical  Vocabulary,  CE505C,  and  AGCT  showed  rel¬ 
atively  high  correlations  (generally  above  0.30)  for  both  popula¬ 
tions.  Thecomposite  score  on  the  10  tests  showed  a  correlation 
of  0.44  m  the  Harlingen  data  and  0.53  in  the  Las  Vegas  data, 
which  was  considered  promising.  In  an  effort  to  ascertain  the 
maximum  efficiency  to  be  expected  In  predicting  academic  grades, 
a  multiple  correlation  analysis  of  data  for  one  class  in  each  of  the. 
three  schools  was  carried  out  For  each  school,  the  last  class  on' 
which  complete  test  data  were  available  was  used.  The  particular 
tests  upon  which  the  multiple  correlations  were  based  were  Me¬ 
chanical  Principles,  CI903A,  Speed  of  Identification,  GP601A, 
Mathematics,  CI7Q8A,  Technical  Vocabulary,  CE506C,  AGCT,. 
and  MA,  For  comparison,  the  multiple  correlation  of  AGCT  and 
MA  with  academic  grades  was  computed.  The*  Jesuits  are  pre- 


Table  6.7. — The  prediction  of  academic  graded}  by  two  tett  batteriee  in  each 
of  three  gunnery  schoole  (October  -November  19+*) 


V 

Tett  b,tterjr 

Tyndall 
clas,  42-44 

(N— 171) 

Harlingen 
claw  42-45 
<N=W> 

Lu  T«M 
elaaa  42-41  • , 

(N— 202)  f 

AGCT,  MA,  Mecb.  Prlnc.,  C1903A 
Speed  ofldent,  CP810A, 

Math.  C1708A.  and  Ttch.  Voeab.. 

*  -  V 

■  .  0.55  !  . 

0 .66 

/. 

'  .  *  '  i 

0.44 

.  ■*»  . 

‘  .49 

.M 

1  * 

sented  in  table  6.7.  The  values  found  indicated  that  the  addition 
of  certain  of  the  aviation  cadet  tests  consistently  resulted  in  in¬ 
creased  prediction.  However,  it  was  noted  that  the  gains  in  pre¬ 
dictive  efficiency  over  the  use  of  AGCT  and  MA  only  were  small 
enough  to  be  expected  to  arise  by  chance  more  than  5  times  in  100. 

A  multiple  correlation  analysis  of  the  prediction  of  air-to-air 
firing  scores  was  made  on  data  available  for  174  students  in  Class 
42-42,  Las  Vegas.  This  class  was  chosen  because  the  reliability 
of  air-to-air  firing  scores  had  been  found  to  be  0.41,  the  highest 
value  obtained.  For  this  class,  the  multiple  correlation  of  Me¬ 
chanical  Principles,  CI903A,  Speed  of  Identification,  CP610A, 
Technical  Vocabulary,  CE505C,  Spatial  Orientation,  CP501B, 
AGCT,  and  MA  with  air-to-air  firing  scores  was  computed.  Ex¬ 
cept  that  Spatial  Orientation,  CP501B,  had  been  substituted  for 
Mathematics,  G1708A,  the  battery  was  the  same  as  that  used  for 
predicting  academic  scores.  It  was  found  that  the  multiple  corre¬ 
lation  for  the  six  tests  was  0.38;  while  the  compai  able  figure  for 
AGCT  and  MA  only  was  0.20.  The  values  obtained  were  such  as 
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to  make  further  study  of  the  problem  of  predicting  air-to-air  firing 
appear  desirable. 

THE  DEVELOPMENT  OF  THE  APTITUDE  TEST  FOR  AERIAL 

GUNNERS,  AC30A 

Tests  Used  as  a  Basis  for  AC30A 

The  initial  exploratory  studies  indicated  that  Army  General 
Classification  Test  scores  were  reasonably  dependable  as  Predic¬ 
tors  of  academic  success  but  that  they  were  not,  so  effective  with 
respect  to  air-to-air  firing.  Further  work  was  accordingly  ori¬ 
ented  in  terms  of  developing  a  new  test  which  would  supplement 
AGCT  in  the  prediction  of  gunnery  proficiency. 

In  developing  the  liew  gunnery  test,  consideration  was  given  to 
the  results  already  reported  and  to  various  less  systematic  studies 
of  a  variety  of  tests.  In  all,  62  different  tests  were  tried  out,  in¬ 
cluding  a  number  of  tests  developed  by  the  gunnery  detachments. 
Table  2,  appendix  B,  reports  validity  coefficients  for  3S  of  these 
tests  apon  which  information  is  available  at  the  time  of  this  writ¬ 
ing.  These  results,  interpreted  in  the  light  of  experience  with  the 
various  tests  in  gunnery  schools,  were  used  in  formulating  hypoth¬ 
eses  regarding  the  most  suitable  tests  for  use  in  gunnery  selection. 
It  was  also  decided  that  a  printed  test  would  be  best  adapted  to  the 
testing  facilities  available  at  the  stations  where  gunners  were 
selected.  On  the  basis  of  available  evidence,  nine  tests  were  chosen 
as  primary  sources  for  items  for  the  new  test,  which  was  called 
the  Aptitude  Test  for  Aerial  Gunners  and  was  given  the  code  of 
AG30A.  Validity  coefficients  for  these  source  tests,  reliabilities 
where  available,  and  the  part  of  AC30A  derived  from  each  source 
are  presented  in  table  3,  appendix  B.  The  validity  coefficients 
were  based  on  various  populations,  in  the  three  schools.  Table  4, 
appendix  B,  presents  a  summary  of  all  intercorrelations  which 
were  available  for  use  in  planning  the  new  test  The  populations 
on  which  these  intercorrelations  were  based  are  unknown. 

Validation  of  Aptitude  Test  for  Aerial  Gunners,  AC30A 

Table  6.8  identifies  the  various  parts  of  AC30A  and  specifies  the 
amount  of  time  allowed  for  each  part.  Since  the  Plane  Name 
Memory  sub-test  and  the  Gunnery  Learning  sub-test  involved  al¬ 
ternating  periods  of  study  and  testing,  the  time  alloted  to  each  of 
these  activities  is  also  specified. 

During  July  and  August  of  1943,  AC30A  was  administered  to 
approximately  one  thousand  basic  gunnery  students  in  Classes 
44-35  through  43-38  at  Buckingham.  The  intercorrelations 
among  the  nine  parts,  total  scores,  and  three  criteria,  together 
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with  validity  coefficients  for  each  part  and  for  total  score  against 
each  criterion  are  shown  in  table  6.9.4  Each  of  the  parts  had  a 
validity  coefficient  with  score  on  the  Gunnery  Pinal  Examination 
(Form  GFC)  which  was  significant  at  the  0.01  level.  The  validity 
coefficients  against  ground  range  scores  and  air-to-air  firing  scores 
were  relatively  low,  none  of  these  being  higher  than  0.11.  Since 
AGCT  scores  were  not  obtained  for  this  population,  the  extent  to 


TABUS  6.8. — Format  of  the  Aptitude  Teet  for  Aerial  Gunnere,  AQtQA  * 


Part 

Name 

Activity 

Time  ■ 

Minute* 

I 

Technical  vocabulary  .  .  ..  . . 

Test-  - 

15 

II 

Plane  name  memory  section  A  (front  silhouette) 

/  Study— 

4 

t  Teot_. 

4 

/Study _ 

4 

R action  B  (tide  silhouette)  .  . 

(  Vest 

4 

III 

Cunnery  learning  section  A  (oil  buffer  unit) 

/  Study— 

\  Test... _ 

2 

Rectlon  R  (serial  csnnnn). 

/  Study  - 

\Tertiii_ 

4 

Section  C!  (Martin  turret)'-  .  . . . 

/  Study 

\TeetI _ 

2 

TV 

Mechanical  nrt  net  plea  -  ...... 

'  Vest _ 

15 

v 

Gunnery  mathematics  section  A  *  ... 

_ 

B 

Section"  Ft  ... 

Test.  - 

10 

VI 

’  Speed  of  Identification . 

T«t 

4 

WVital 

- « - £ - 

*2 

* The  scoring  formula  forthis  teut  (AC30A)  is  the  number  of  answers  correctly  marked 
minus  Yi  the  number  of  answers  marked  incorrectly.  (The  maximum  possible  score  la  211). 


which  AC30A  fulfilled  the  function  of  supplementing  AGCT  was 
not  answered  by  this  study.  Moreover,  the  low  intercorrelations 
among  the  criterion  scores  were  considered  to  indicate  a  need  for 
further  efforts  to  obtain  better  criteria  of  gunner  proficiency.  In 
the  absence  of  specific  reliability  estimates  for  the  criteria,  this 
interpretation  of  the  results  was  necessarily  tentative. 

During  the  early  part  of  1944,  a  systematic  study  of  the  predic-: 
tion  of  gunnery  proficiency  was  undertaken.  One  class  (44-4, 
Buckingham)  was  chosen  for  detailed  study.  In  addition  to 
AC30A,  the  Aviation  Cadet  Qualifying  Examination,  AC12.T, 
three  motion  picture  tests,  the  Plane  Formation  Test,  CP805B, 
and  the  Angular  Judgment  test  were  administered.  A  Biograph¬ 
ical  Data  Blank  designed  for  gunners  and  the  Opinion  PcJl  . for 
gunners  were  administered  also.  As  criteria,  Gunnery  Final  Ex¬ 
amination  (Form  GFC),  Skeet  Range,  Moving  Range,  Shotgun 
Turret  Range,  Jeep  Range,  and  Jain-Handy  (E-14)  Trainer 
scores  were  obtained.*  ■  ' 

‘Statistical  computations  were  done  by  the  Psych* logical  Section,  Office  of- the  Surgeon, 
Headquarters,  AAF  Training  Commend. 

*Thi»  atudy  was  planned  and  supenrised  by  Capt.  Mason  Haire  and  Capt.  Theodore  R. 
Valiance.  Description  of  the  various  ranges  and  of  the  Jam-Handy  (E-14)  Trainer  are 
*Wen  in  chapter  9. 

703326 — 17—6 
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Table  0.10 ^-Intereorretations  among  criterion  scores  used  for  validation  of 
\o \77^January liVfj*****^  ^att  Buckingham;  N  varies  front  Hi, 


Criterion 

Intercom!  **  i  .us 

1  M 

SO 

1.  Guunery  Anal 

(Korm.^FC). 

2.  Sheet - ./i. 

S.  Moving  basei. _ 

i.  Shotgun  turret... 

5.  Jeep  range.;. _ 

«.  Jam-Handy 

(K-14) 

i 

0.11' 

.11 

.OS 

.OS 

.03 

1 

9  . 

0.11 

.53 

.18 

.11 

-.04 

4 

0.08 

.IS 

.IS 

.'xs' 

.or 

f 

0.08 

0.08 

.11 

.18 

.02 

9 

0.03 

.08 

-.04 

.or 

.02 

/  * 

128.3 

81.8. 

53.8 
84.5 

23.8 
4.2 

J  l . .  ' 

8.4 

10.8 

8.2 

8.8 

.  5.1 
,  1.? 

Table  6.10  presents  the  intercorrelations  among  the  six  criteria 
used  in  this  study.  Except  for  a  rather  high  correlation  between 
Skeet  Range  scores  and  Moving  Base  Range  scores,  and  for  some 
tendency  for  the  three  shotgun  ranges  (Skeet,  Moving  Base,  and 
Shotgun  Turret)  to  be  correlated  with  each  other,  the  results  gave 
no  reason  to  believe  that  the  various  criteria  were  related  to  each 
other.  The  reliability  of  the  separate  criteria  for  this  group  is 
unknown.  Intercorrelations  among  the  11  test  scores  are  shown 
in  table  6,  appendix  B..  -  •  •  -  ; 

Table  6.11. — Validity  coefficients  for  experimental  test  battery  with  each  of. 
seven  criteria  of  gunnery  proficiency  (class  U -4,  Buckingham:  N  varies 
from  16 6/  to  £77;  January  l»Wl  .  ..  .  • 


•  . 

Criterion 

*.  ,  . 

*  ft ‘  .  ‘ 

Test 

m 

.  : 

Skeet 

Moving 

base 

Shotgun 

turret 

□ 

Comp. 

rang* 

Jam- 
.  Handy 

■-14 

*  • 

AGCT _ 

MA - -  .  . . 

0.30 

.35 

—0.03 
.  .11 

—0X5 

•lei 

0.02 

.09 

0.01 

.02 

.  0.00 
.13 

0.05 

—.08 

A012J _ _ 

.47 

.18 

.05 

.10 

.07 

.18 

— 1o6 

AC30A _ 

.41 

.15 

.15 

.11 

.01 

.15 

.08 

Plane  formation  CP805C _ 

.15 

.05 

.07 

.06 

.08 

.13 

.or 

Angular  judgment - 

.24 

;09 

.04 

.15 

.13 

.25 

.  —.01 

Est.  of  veloc.  CP205-I _ - 

—.08 

— :09 

rr-05 

—.07 

.05 

—.03 

.  .01 

Ident  of  veloc.  CP205-II__ 

.03 

.21 

,07 

.08 

.16 

.30 

.10 

Est  of  rel.  veloc.  CP205-III. 

-.06 

—.01 

.02 

.07 

.09 

—.10 

Biographical  data _ _ _ 

.14 

.04 

— 103 

—.03 

-.03 

IllISl'iJ 

Opinion  poll _ 

-.03 

.04 

.08 

-.01 

-04 

.02 

.10 

-‘Positive  correlations  Indicate  that  "goodness"  of  performance  on  the  test  Is  associated, 
'with  "goodness"  of  performance  on  the  criterion. 

For  N=1Q6,  a  coefficient  as  large  as  0.15  would  be  expected  to  arise  by  chance  5  times  - 
in  100;  and  a  coefficient  as  large  as  0.20  Is  likely  to  arise  by  chance  1  time  In  100. 

Validity  coefficients  for  each  of  the  tests  against  each  criterion 
are  presented  in  table  6.11.  It  was  noted  that  both  AC30A  and 
AC12J  yielded  somewhat  higher  validity  coefficients  than  AGCT 
or  MA,  not  only  for  the  Gunnery  Final  Examination  but  for  most 
of  the  other  criteria.*  For  this  sample,  the  values  for  MA  were 


•The  multiple  correlation  of  AQCT  and  MA  with  QFC  wia  0.35;  the  zero-order  coefficient 
of  AC30A  with  QFC  wae  0.41. 
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somewhat  higher  than  those  for  AGCT.  The  results  also  sug¬ 
gested  that  the  Angular  Judgment  Test  and  the  Identification  of 
Velocity  Test,  CP205-II,  had  some  promise  as  predictors  of  com¬ 
bined  scores  bn  the  four  ground  range  criteria.  None  of  the  tests 
included  showed  any  appreciable  degree  of  correlation  with  the 
Jam-Handy  (E-14)  scores.  On  the  whole,  this  study  indicated 
that  the  tests  included  were  not  particularly  effective  in  predicting 
any  of  the  criteria  except  Gunnery  Final  Examination  scores. 

THE  DEVELOPMENT  OF  GUNNERY  STANINES 


Additional  Statistical  Studies 

In  the  fall  of  1943,  a  study  of  the  prediction  of  gunnery  pro¬ 
ficiency  was  carried  out,  the  results  of  which  were  later  used  in  the 
determination  of  gunnery  stanines.  The  study  was  organized 
around  aviation  cadet  selection  and  classification  tests  and  existing 
stanine  scores.  Criteria  used  were  Gunnery  Final  Examination 
(Form  GFC)  scores,  Jam-Handy  (E-14)  Trainer  scores,  ground 
range  scores,  and  air-to-air  firing  scores.  The  population  used 
included  194  students  in  class  43-45,  and  173  students  in  class 
43-48,  at  Buckingham,  all  of  whom  had  previously  taken  the  avia¬ 
tion  cadet  selection  and  classification  battery.  Statistical  analyses 
were  carried  out  for  each  class  separately;* 

Table  6.12  presents  only  those  validity  coefficients  for  age, 
stanines,  and  strength  of  interest  in  becoming  a  bombardier,  navi¬ 
gator,  or  a  pilot  which  were  sufficiently  high  to  be  expected  by 
chance  less  than  5  times  in  100.  All  validity  coefficients,  together 
with  distribution  constants,  are  presented  in  Tables  6  and  7  in 


TABIf  6.12.—; Validity  coefficient •  of  age,  etrenpth  of  interett,  and  aviation 


43—48,  N — 1.7$  s  Buckingham ,  November  •December  1943 )l  P 
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Gun“erj,*n*1  Jam-Handy  Percent  hit*  Percent  hits 
scores  ground  ranges  air  firing 


<3-15  <3-48  <3-<5  <3-48  43-45  43-48  43-45 1  43-48 


Ags - 

Bombardier  stanine. 

Navigator  atanlne _ 

Pilot  stanine _ 

Augmented  pilot  stanine _ 

Strength  o(  interest  bombardier 


i..wh1.VtRbl?JnCllld?nSnlr.torr*.lat,,Q^*.  *u.7clc,ntiy  large  t0  b«  expected  to  occur  by  chance 
leea  than  5  times  In  100.  An  asterisk  to  the  right  of  a  coefficient  Indicates  that  It  Is  suffl- 
r  **rse  to  be  expected  to  occur  by  chance  lost  than  1  time  In  100.  Further  data  on 
validity  coefficients  for  this  study  are  presented  In  tables  8  and  7,  appendix  B. 


T  Mai.  John  V.  McQultty  was  responsible  for  these  studies. 
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appendix  B.  It  was  found  that  stanine  scores  for  bombardier, 
navigator,  and  pilot  had  validity  coefficients  for  predicting  Gun¬ 
nery  Final  Examination  (GFC)  scores  so  large  as  to  be  expected 
by  chance  less  than  1  time  in  100.  The  pilot  stanine  yielded 
somewhat  higher  validities  than  the  other  stanines  for  this  cri¬ 
terion.  Of  the  other  criteria,  only  air-to-air  firing  scores  in  class 
43-48  yielded  validities  which  were  significant  at  the  5  percent 
level.  Here  again  the  pilot  stanine  was  slightly  higher. 

In  table  6.13,  all  validity  coefficients  for  the  various  tests  which 
were  sufficiently  high  to  be  expected  by  chance  less  than  5  times  In  , 
100  are  presented.  Validity  coefficients  for  all  tests  used,  together  ‘ 
with  distribution  constants,  are  presented  in  tables  6  and  7  in-, 
appendix  B.  It  is  noted  that  a  number  of  tests  showed  moderately 
high  coefficients  with  Gunnery  Final  Examination  scores.  Results 
or.  the  prediction- of  Jarri-Handy  (E-14)  Trainer  scores  were  low 
and  inconsistent;  while  for  ground  range  scores  virtually  none  of 
the  tests  showed  promising  correlations.  For  air-to-air  firing, 
none  of  the  validities  for  class  43-45  reached  the  level  required  for  • 
inclusion  in  the  summary  tables,  but  a  number  of  coefficients  sig-  '  • 
nificant  at  this  level  were  found  for  class  43-48. 

Among  the  various  tests.  Technical  Vocabulary  Pilot,  CE605C, 
Technical  Vocabulary  Bombardier,  CE505G,  Spatial  Orientation  ; 
II,  CP503B,  and  Reading- Comprehension,  CI614G,  seemed  most  - 
promising  in  so  far  as  their  validity  coefficients  against  Gunnery 
Final  Examination  (GFC)  scores  and  against  air-to-air  firing  . 
scores  were  concerned.  ..  .  < 

The  Gunnery  Stanines  1  .  c  *«  '  ■ 

The  consolidation  of  the  AAF  Technical  Training  Command 
and, the  AAF  Flying  Training  Command  made  possible  the  intro¬ 
duction  of  more  elaborate  procedures  for  the  classification  of  gun¬ 
ners,  A  large  proportion  of  candidates  for  gunnery  training 
were  routinely  tested  by  the  Psychological  Research  Unite  and  by 
the  Medical  and  Psychological  Examining  Units.  These  unite  had 
experienced  personnel  and  were  equipped  to  administer  both 
printed  and  psychomotor  tests,  thus  making  possible  more  flexi¬ 
bility  in  testing.  . 

Coincident  with  the  validation  of  the  aviation  cadet  selection 
and  classification  teste  with  gunnery  criteria,  there  were  similar  • 
investigations  of  the  validity  of  these  tests  with  the  criteria  of  suc¬ 
cess  in  technical  training  schools.  In  addition,  personnel  were 
sent  to  the  European  Theater  of  Operations  and  to  other  theaters 
to  investigate  the  efficacy  of  the  existing  ^election  procedures  as 
well  as  to  obtain  a  better  description  of  the  various  air-crew  jobs. 
These  data,  together  with  those  reported  a»  ■we,  were  used  to  ar- 
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rive  at  stanines  for  the  various  combat  crew  members.  Since  the 
majority  of  enlisted  aircrewmen  were  given  gunnery  training  as 
well  as  technical  training,  the; classification  program  had  to  take 
into  consideration  fl:e  problems  involved  in  the  prediction  of  suc¬ 
cess  in  both  types  of  training  and  duty.  In  September  1944, 
stanines  were  prepared  for  Radio  Operator-Gunner,,  Mechanic 
Armorer-Gunner,  and  Aerial  Gunner.  •’ 

The  factors  making  possible  more  refined  and  extensive  classifi¬ 
cation  procedures  for  the  selection  of  gunners,  however,  were  in 
no  way  related  to  those  determining  the  need  for  gunners.  ^  The 

Table  6.13. — -Validity  coefficient*  of  cadet  classification  testa  with  four  gun¬ 
nery  criteria  (classes  48-45,  N—194,  and  45-48,  N—173,  Buckingham , 
Novcmber-December  1945)\  .  T 


Twit' 

-  I 

-V  ...r 

Cod* 

m;  •  ,.  * 

Gunnery  final 
(OFC) 

Jam-Hand? 

score* 

Percent  hits 
Ground  ranges 

Percent  hit* 
air-to-air 
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Clast . 

Class 
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t 

Tech,  vocab.  pilot 
Tech.  roc«b.  n*T., 
Tech  roenb.  bomb. 

'Mech.  prln. 

CE505C..1„ 

CE505C _ 

CE505C _ 

CI903A _ 

CI905A _ _ 

cieidc _ 

CP610A _ 

CP501B„„ 

CP503B _ 

CP022-21A 

CI702B  __ 

43-45 

43-48 

43-45 

43-48  , 

43-45 

43—48 

43-45 

43-48 

6.45  • 
.28  * 
.1#  • 

.  .35  • 
.31* 

..28  • 

0.31  • 

\ 

0.18 

0.25* 

.15 

.18 

* 

.22  • 

.48  • 
.  .38* 

.41  • 

.24* 

.30* 

.18 

.17 

' 

. 

/s 

-  \ 

0.14 

—0.17 

-.15, 

-.23  • 

Mech.  Info— _ _ 

Reading  comp. _ 

Speed  of  IdeuL _ 

Spatial  orleu.  I  — 
Spatial  orleu.  I!.. 
Dial  tab.  read - 

Math.  A _ 

.15 

;i5 

...IS 

- 

-  * 

.  ... 

.19 

,>  ,  *  r 

1 

-.18 

Math.  B__ _ 

CI708A. 

CI206B. 

.17 

.15 

Numer.  oper.  B. _ 

. 

-.15 

Numcr.  oper.  F.__ 

—.20  • 

S  r 

Complex  coord.  „„ 
Disc;  react,  time.. 

2-Hand  coord - 

Aiming  Ftress _ 

CM701A _ 

.40  • 

.  .27  • 

—.15 

:  ; 

•  * 

CP811D _ 

- 

- 

CM  101 A _ 

CE211A-. 

- - 

.37  • 
—.18 

> 

• 

. 

—.18 

'* 

r 

lThls  table  Included  only  correlation*  sufficiently  large  to  be  expected  to  occur  by  chance 
less  than  5  times  In  100.  An  asterisk  to  the  right  of  a  coefficient  Indicates  that  It  1*  suffi¬ 
ciently  large  to  be  expected  to  occur  by  chance  lo’s  than  1  time  In  100.  Further  data  oa 
validity  coefficients  for  this  study  are  presented'ln  Tables  6.  and  7,  Appendix  B. 

I' 

need  for  gunners  exceeded  the  supply  of  candidates^  making  the 
application  of  a  selection  procedure  superfluous^  since  all  available 
men  had  to  be  trained  and  used.  Classification  continued  and 
stanihe  scores  were  recorded  in  service  records  in  case  it  became 
possible  at  sometime  in  the  future  to  select  men  for  gunnery  train¬ 
ing.  However,  up  to  the  time  when  B-29  gunnery  training  ex¬ 
panded,  late  in  1944,  the  prospects  for  initiating  a  gunnery 
selection  program  were"  remote. 
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RESEARCH  ON  PERSONALITY  FACTORS  ASSOCIATED  WITH 
SUCCESS  IN  GUNNERY  TRAINING  .  . 

Introduction.— In  view  of  the  situations  of  marked  stress  to 
which  the  gunner  was  likely  to  be  exposed,  and  of  the  Necessity 
that  he  be  able  to  function  under  these  circumstances,  the  impor¬ 
tance  of  obtaining  stable,  well-adjusted  individuals  for  this  job 
was  recognized  as  an  important  area  for  research  In  gunnery 
selection.  , 

Considerable  literature  was  available  from  both  army  and  civil¬ 
ian  sources  describing  previously  tried  approaches  to  problems  of  • 
measuring  personality.  It  was  necessary  to  verify  the  hypotheses 
underlying  their  development  in  order  to  obtain  evidence  to  sup¬ 
port  their  use  as  selection  devices  in  flexible  gunnery.  Admini- 
stration  to  large  numbers  of  men  in  the  army  also  permitted 
refinement  of  the  instruments,  which,  in  most  instances,  had  been 
originally  validated  on  small  homogeneous  groups.  .  ,  .  ■ 

Studies  of  ex-combat  gunners . — The;  first  step  in  the  investlga-  ' 
tion  of  personality  variables  which  might  have  been  associated 
with  success. in  gunnery  training  was  the  exploration  of  the  ad¬ 
justment  of  returnee  gunners  from  various  theaters  of  operation. 

It  was  found  in  these  studies,  for  example,  that  24  percent  of  the 
men  studied  had  experienced  a  degree  of  combat  strain  sufficient  - 
to  interfere  with  their  functioning  as  gunners,  and  that  an  addi-  ; 
tional  50  percent  showed  moderate  signs  of  combat  strain.  *,  It.  ' 
was  also  found  that  men  who  were  better  able  to  withstand- com¬ 
bat  strain  were  more  likely  to  be  meii  who  (a)  had  had  a  satisfac- 
tory  adjustment  in  early  life,  (b)  possessed  superior  intelligence,,, 
and  (c)  were  married.  Age  did  not  seem  to  be  a  factor  in  combat 
strain.  It  was  concluded  that  men  who  would  not  be  likely-  'to 
show  combat  strain  would  be  those  individuals  who  were:  psycho¬ 
logically  secure  in  their  group  relationships,  in  their  family  rela-'  ■ 
tionships,  and  in  their  religious  faith;  who  were  independent;  who 
had  clearly  defined  purposes  and  goals;,  who  were  superior  in 
ability  ;  and  who  were  of  stable  disposition.®  This  study  rein¬ 
forced  the  hypothesis  that  there  was  a  need  for  the  consideration 
of  the  problem  of  predicting  combat  adjustment,  and;  in  addition, 
it  presented  some  leads  as  to  possible  factors  which  might  be  - 
measured  by  tests  designed  for  use  in  a  selection  program.  ’ 

Development  of  the  test  for  emotional  security  of  basic  gunners . 

— As  a  first  step  in  investigating  personality  variables  which  . 
might  have  been  associated  with  the  combat  effectiveness  of  gun- 

•Thls  etudy  was  conducted  by  Dr.  Carl  It.  Rogcra,  assisted  by  Capt.  Wilbur  S.  Gregory 
and  Lt  Thomas  F./Oallagher.  Further  lbformatlon  on  th!;*  study  la  prcsented-ln  Chapter 
10.  '  ■ 
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ners,  ft  was  decided  to  investigate  the  possibilities  of  a  projective 
technique,  similar  to  Murray’s  Thematic  Apperception  Test* 
The  principles  used  in  the  development  of  the  Thematic  Appercep¬ 
tion  Test  were  used  to  guide  the  development  of  the  Test  for  Emo¬ 
tional  Security  of  Basic  Gunners.  It  was  believed  that  in  reacting 
to  pictures  susceptible  of  varying  interpretations,  gunners  might 
give  responses  indicative  of  instability  and.  insecurity  more  freely 
than  they  would  in  a  conventional  attitude  questionnaire. 

The  Test  for  Emotional  Security  of  Basic  Gunners  consisted  of 
32 'pictures,  reproduced  on  slides.  Each" picture  was  projected  on 
a  screen,  and  the  subjects  were  required  to  indicate  their  reactions 
to  eacli  of  the  pictures,  in  the  first  edition  of  the  test,  by  writing 
free  responses,  and,  in  a  later  edition,  by  checking  alternatives  pre¬ 
sented  in  a  check  list  AH  but  five  of  the  pictures  included  one  or 
more  individuals  with  whom  the  subject  might  identify  himself, 
and  many  of  them  involved  some  war  motif  (e.g.,  soldiers  diving 
for  a  slit  trench,  American  prisoners  on  Bataan).  On  the  check 
list,  the  alternatives  presented  were  of  the  following  nature:  “A 
wounded  straggler  who  cannot  keep  up  with  his  buddies.”  “This 
soldier  has  just  found  the  body  of  a  friend,”  “An  artilleryman 
relaxing  during  a  lull  in  a  battle,”  “This  soldier  realizes  that  every 
day  will  be  like  this  until  he  is  killed  or  the  war  is  over”  and  “This 
man  is  fed  up  with  war.”  *  - : 

In  a  preliminary  study  of  validity,  the  criterion  was  an  anony¬ 
mous  questionnaire  designed  in  accordance  with  the  findings  of 
Roger’sc^udy  of  the  adjustment  of  ex-combat  gunners  (see  chap¬ 
ter  10) .  This  questionnaire  was  designed  to  measure  such  fac¬ 
tors  as  degree  of  independence,  clarity  of  purposes  and  goals,  and 
security  in  social  groups,  in  family  relationships,  and  in  religious 
faith.  It  contained  38  items,  of  which  18  were  concerned  with 
attitudes  towards  gunnery  and  twenty  with  security  factolra. 
Weights  were  assigned  to  responses  on  the  basis  of  judgment  of 
psychologists,  with  positive  responses  indicating  security  and  neg¬ 
ative  responses  indicating  insecurity.  The  distribution  of  ob¬ 
tained  scores  on  the  questionnaire  for  99  gunnery  students  yielded 
a  mean  score  of  15.6  with  a  standard  deviation  of  7.2. 

To  obtain  a  preliminary  estimate  of  the  diagnostic  value  of  the 
test  in  multiple-choice  form,  separate  item  tabulations  were  made 
for  the  25  highest  and  25  lowest  scoring  individuals  on  the  ques¬ 
tionnaire.  Differences  between  the  two  groups  with  respect  to 
responses  to  pictures  did  not  prove  to  be  great;  about  one-third 
of  the  pictures  yielded  some  reliable  differences  between  the 

i .  . . 

•This  work  was  primarily  the  responsibility  of  Lt  Gerald  R.  Pascal,  assisted  by  VU 
William  K  Estes. 
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groups.  Since  about  twice  as  many  of  the  statements  yielded  dif¬ 
ferences  significant  at  the  5  percent  level  as  would  be  expected  on 
the  basis  of  chance  alone,  it  was  inferred  that  the  multiple-choice 
picture  test  had  some  promise,  but  that  extensive  research  would 
be  needed  to  develop  an  effective  instrument  of  this  type.  It  was 
noted  that,  in  general,  the  group  judged  as  insecure  on  the  basis 
of  the  questionnaire  scores  tended  to  select  more  frequently  the 
responses  involving  anxiety  or  dread. 

The  Test  for  Emotional  Security  of  basic  gunners,  with  the  re¬ 
sults  of  this  exploratory  investigation,  was  forwarded  to  the  AAP ' 
Redistribution  Station  at  Atlantic  City  with  the  suggestion  that 
the  test  might  be  more  fruitfully  studied  using  psychiatric  and 
non-psychiatric  cases  among  gunners  returning  from  combat :  * 
Studies  of  attitude  scales.— The  next  step  in  the  exploration  of 
personality  variables  associated  with  efficient  performance  in  gun¬ 
nery  was  an  investigation  of  attitudes.55  It  was  first  necessary  to 
select  the  areas  of  attitudes  to  be  investigated^  and  to  determine 
practical  means  of  reliably  measuring  them.  The  areas  -of  atti¬ 
tudes  selected  for  study  were  attitudes  toward  the  Army  in  gen¬ 
eral,  towards  flexible  gunnery,  and  towards  related  activities.. 
Also  selected  for  study  were  more  generalized  attitudes  which 
might  possibly  be  symptomatic  of  basic  personal  adjustment  It 
was  assumed  that  a  preponderance  of  negative  or  hostile  attitudes 
as  revealed  by  a  scale  covering  the  above  areas  would  indicate  that 
the  candidate  for  gunnery  training  was  a  poor  risk.  However,  it 
was  agreed  that  this  information  on  attitudes  must  be  interpreted 
within  the  general  framework  of  the  aptitudes  of  a  particular  in¬ 
dividual  as  measured  by  other  classification  tests.  The  goal  was 
the  unification  of  the  results  of  attitude  measurements  and  of  , 
aptitude  measurements  into  composite  indexes.  . :  ;  "f'\ 

The  attitudes  were  studied  by  means  of  a  multiple-choice  type-' 
of  questionnaire,  called  the  Opinion  Poll,  to  which  the  candidate 
responded  by  checking  one  of  five  alternative  statements.  Typical 
examples  of  the  items  used  are:  “A  man  would  be  a  better  gunner 
as  a  sergeant  than  as  a  corporal,”  “Married  men  should  not  be 
sent  to  flexible  gunnery  school,”  “A  man  who  has  always  been  a 
pacifist  would  not  make  a  good  flexible  gunner,”  “Very  religious 
men  do  not  make  good  gunners,”  and  “The  chances  are  that  when 
a  flexible  gunner  does  get  hit,  Kefll  get  it  in  the  head.”  Using  a 
separate  answer  sheet,  the  candidate  indicated  the  degree  of  his 
agreement  or  disagreement  on  the  following  five-point  scale: 
Strongly  agree,  Agree,  Undecided,  Disagree  Strongly  disagree. 


This  work  was  primarily  the  responsibility  ot  Lt.  Oersld  K,  Pascal  assisted  by  T/Sgt. 
Hyman  Halts. 
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'  All  items  were  not  scaled  in  the  same  direction,  and,  in  addition, 
statements  were  phrased  in  both  negative  and  positive  terms  in 
order  to  minimize  the  set  which  often  contributes- the  “halo 
effect”  •,  .  .  .  ' 

The  scale  as  finally  developed  had  78  items.  There  was  no  time 
limit  but  the  scale  took  about  35  minutes  to  complete.  The  scor¬ 
ing  formula  made  use  of  a  weighted  scale  ranging  from  1  to  5. 
!  The  scoring  key  was  based  on  the  judgment  of  a  group  of  psychol- 
i  ogists  concerning  the  significance  cf  each  item  in  terms  of  adjust¬ 
ment  The  scale  was  found  to  have  a  satisfactory  reliability 
(r=  .87,  N==  210,  Kuder-Richardson  Formula  21)  .  The  validity 
coefficients  obtained  in  an  exploratory  investigation  of  this  scale 
are  presented  in  table  6.14  below,  -  '  ' 

Table  6,14. — Validity  coefficient s  of  test  of  attitudes  toward  flexible  ffunnery 
;  against  various  criteria  of  success  in  the  basic  gunnery  school,  and  against 
judgment  of  adjustment  made  by  interviewers  (Buckingham,  January 
im) 


Claw 

s 

-N 

Criteria 

Validity 

coefficient 

44-4__  . 

210 

oro 

44-4-  . . 

210 

HkM*  •.  _  -  - 

.04 

44-4. 

210 

Moving  base . . 

.os 

44-4  _ 

210 

Shot  gun  turret _ 

—.01 

44-4 .  .  . 

210 

Jaap  ' 

—.04 

44-4  _  _ _ 

210 

Jam-Handy  3 

.10 

44-4 _ _ _  „ 

210 

Intarvlm  1 

:«s 

1  Reliability  ^  coefficient  ol  latervlewi  la  0.79,  computed  by  Kuder-Rlchardcon  Formula 

IL  21.  ■*  * 


It  can  be  seen  from  the  data  in  table  6.14  that  the  attitudes  as 
measured  by  this  scale  did  not  correlate  significantly  with  any  of 
the  measures  of  performance.  However,  a  correlation  of  0.4S 
was  found  between  scores  in  this  scale  with  the  estimates  of  the 
adjustment  of  gunners  made  by  psychologists  on  the  basis  of  an 
interview  with  210  members  of  class  44-4,  at  Buckingham.'  The 
reliability  of  the  judgments  of  the  interviewers  with  reference  to 
the  adjustment  of  the, subjects  was  estimated  to  be  0.79,  using  the 
Kuder-Richardson  Formula  21.  • 

The  fact  that  the  attitude  scale  was  not  significantly  related  to 
various  criteria  of  performance  in  gunnery  training  does  not  defi¬ 
nitely  invalidate  the  scale  as  a  possible  instrument  for  the  selection 
of  gunners.  The  need  for  using  combat  performance  data  was 
recognized  to  be  especially  great  in  the  case  of  attitude  studies, 
but  the  validation  of  this  scale  against  combat  criteria  was  never 
accomplished. 

Studies  of  biographical  data  blanks. — Another  possibility  ex¬ 
plored  was  the  Biographical  Data  Blank.11  The  Biographical 

11  TMr  work  wa»  primarily  th«  responsibility  of  Capt.  X,awrenc#  M.  Stoiurow,  U.  William 
B.  Schrader,  Cpl.  David  Gordon,  and  Pic.  Arthur  Felner, 
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Data  Blank,  CE602D,  was  developed  in  the  aviation  cadet  classifi¬ 
cation  program.  In  the  initial  tryout,  the  only  modification  intro-  • 
duced  was  the  substitution  of  “Gunnery  Training’1  for  “Aviation 
Cadet  Training”  in  2  of  the  65  items.  The  remaining  items  cov- ' 
ered, general  matters  of  personal  experiences  and  activity  prefer¬ 
ences.  In  this  form,  the  blank  was  administered  to  315  gunnerjr 
students  during  the  fall  of  1943,  and  an  item  analysis  made  by 
correlating  of  the  various  items  with  total  score  on  Gunnery  Final. 
Examination  (Form  GFC).  A  new  scoring  system  for  the  blank 
was  developed  in  accordance  with  evidence  obtained  from  this 
item  analysis.  The  blank  was  lengthened  by  adding  2  items  on ' 
experience  with  firearms,  8  items  on  experience  with  small  group 
leadership  and  teaching,  and  1  item  on  attitude  toward  being  a 
gunner. 

Results  on  the  usefulness  of  this  revised  blank  in  predicting 
various  criteria  have  been  reported  on  page  76  in  connection* 
with  the  experimental  test  battery  used  for  class  44-4,  Bucking-  ’ 
ham.  It  was  found  that  the  validity  coefficients  for  this  instru¬ 
ment  were  uniformly  low.  On  the  strength  of  this  exploratory 
study,  it  was  decided  that  the  use  of  biographical  information  of 
the  type  included  in  the  Biographical  Data  Blank  was  not  partic¬ 
ularly  promising.  .Effort  was  directed  toward  the  development  of 
other  instruments.  .  >  \ 

Studies  of  forced-choice  inventories.-^ln  further  exploration  of 
means  of  measuring  personality  as  it  might  be  related  to  success 
in  gunnery  training,  an  investigation  was  made  of  the  possible 
utility  of  an-  instrument  similar  to  the  Personal  Inventory, 
DE201C.1*  The  inventory  used  in  this  study  was  a  revision  of 
the  original  form,  as  modified  for  the  Army  by  the  AAF  Redistri¬ 
bution  Center,  Atlantic  City,  in  March,  1944.  The  inventory  con¬ 
sisted  of  items  related  to  past/ experiences,  to  preferences,  and  to 
interests  in  various  occupations  and  hobbies.  The  items  covered 
certain  areas  designated  as  habits,  temperament,  hysteria,  hypo¬ 
chondriasis,  school,  family,  occupation,  values,  paranoia,  interests, 
and  phobias;  Candidates  were  required  to  choose  between  two- 
alternative  statements,  which,  in  many  cases,  Were  not  logically 
related  to  each  other.  Thus,  a  choice  was  forced  between  alter¬ 
natives  difficult  to  compare.  Examples  of  items  from  the  inven- 
■  tory  are: 

I  would  rather  see  a  good  I  would  rather  read  a  good  book, 
movie.  ’  , 

I  am  more  noisy.  I  am  mo  *  6  lazy. 

The  original  format  of  the  Personal  Inventory  wac.  retained  in 

uThls*.worl;  was  primarily  the  responsibility  of  Lt.  Gcr.V  !t.  Pascal  and  T/Sgt.  Hyrn&a 
Kail*, 
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the  experimental  form,  although  experience  later  suggested  that  a 
standard  multiple-choice  format  would  have  been  more  readily 
read  and  scored.1* 

The  revised  inventory  was  given  to  a  mixed  group  of  SO  combat 
returnee  enlisted  men  and  106  noncombat  enlisted  men.  The  re¬ 
sults  of  this  study  are  presented  in  table  6.15.  It  can  be  seen  that 
the  ex-combat  men  obtained  higher  scores  on  the  inventory,  which 
was  indicative  of  greater  maladjustment  within  this  group.  The 
difference  between  the  mean  scores  of  the  two  groups  was  signifi¬ 
cant,  the  probability  of  such  a  difference  occurring  by  chance 
being  less  than  five  times  in  one  hundred.  - 


Table  6.15. — Validity  of  the  revised  personal  inventory,  DE201C;  mean 
scores  obtained  by  ex-combat  men,  and  men  with  no  combat  experience 
(Buckingham,  April  19 W) 


, 

N 

M 

SD 

Dlff 

t 

Ei-fnmhit  m»n 

SO 

15.20 

4.40 

2.41 

1  2.4S 

Noncombat  men _  _  _  _ 

10S 

12.79 

4.84  . 

o 

1  The  obtained  value  of  t  la  of  a  alx«  to  be  expected'  to  arise  by  chance  leas  than  5  times 
In  100. 


The  same  groups  were  given  the  Opinion  Poll,  which  was  de¬ 
scribed  on  page  81,  in  order  to  determine  whether  ex-combat 
•  men  and  noncombat  men  could  also  be  differentiated  on  the  basis 
of  their  attitudes.  The  difference  between  the  mean  scores  of  the" 
two  groups  on  the  Opinion  Poll  was  not  significant.  (A  “t”  value 
of  1.22  was  obtained;  a  “t”  value  of  1.96  would  be  required  for 
significance  at  the  5  percent  level) .  The  two  groups  were  there¬ 
fore  distinguishable  on  the  basis  of  adjustment  as  measured  by 
the  Personal  Inventory  but  were  not  distinguishable  on  the  basis 
of  attitudes,  as  measured  by  the  Opinion  Poll. 

The  next  step  in  this  study  of  the  Personal  Inventory  lyas  to 
investigate  the  relative  significance  of  various  groups  of  items. 
Items  were  categorized  into  various  areas,  as  indicated  in  table 
6.16.  The  data  in  table  6.16  suggested  that  the  areas  of  tempera^ 
ment,  hysteria,  and  habit  were  most  significant  in  discriminating 
between  ex-combaf  men  and  noncombat  men.  Further  develop-  > 
mental  work  on  an  inventory  of  the  type  described  seemed 
indicated. 

Summary.— In  summary,  it  was  concluded  that  the  exploratory 
studies  conducted  in  the  areas  of  attitude  and  adjustment  meas¬ 
urement  were  promising  and  little  more.  Results  on  the  Opinion 
Poll  indicated  that  fairly  reliable  scores  could  be  obtained  on  this 
vtest,  and  that  thes*1-  scores  showed  a  moderate  degree  of  relation- 

11  For  further  Information  on  the  revised  Personality  Inventory  and  the  procedure*  used 
In  th»  revision,  see  report  No.  14 -of  thl*  aerie*. 
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ship  with  interviewers'  judgments  on  attitudes.  The  correlation* 
of  these  scores  with  selection  tests  and  available  gunnery  criteria, 
however,  were  uniformly  low.  ‘ 

Table  6.16. — Number  of  item*  from  reviled  pertonal  inventory,  DS  SO  1C, 
clattified  in  each  of  11  type »  which  correlated  with  total  ecore  at  the  ff 
percent  level  and  1  percent  level  of  tignificance  (N=136,  including  30  re¬ 
turned  combat  gunnert;  Buckingham,  April  19 W)  , 


Type  o t  Item 


Temperament - 

Hysteria - 

Habit* - 

School - 

.Family - 

Occupational—.— 

Value* — ; - 

Paranoia - ~ 

Intere*t — - 

Phobia* - 

Sociability - 


Number  of 
Item* 

Number 
discriminating 
at  6  percent  level1 

7 

V 

•  14 

8 

8 

« 

B 

1 

2 

0 

.  # 

0 

2 

2 

1 

0 

.2 

0 

3 

Si 

8 

4 

68  ' 

82 

Number 

•discriminating 


Total _ - 


i  An  Item  was  considered  acceptable  at  the  5  percent  level  If  the  polnt-blierlal  coefficients 
were  sufficiently  large  to  be  expected  to  arlso  by  chance  less  than  5  time*  In  100;  at' the 
1  percent  level,  less  than  1  time  In  100. 

STUDIES  OF  THE  VALIDITY  OF  APTITUDE  TESTS  USING 
GUN  CAMEPA  SCORES  AS  CRITERION 


Studies  of  the  prediction  of  proficiency  on  gun  camera  perform¬ 
ance,  carried  out  in  the  summer  and  fall  of  1944  in  cooperation  ■ 
with  the  AAF  School  of  Aviation  Medicine,  differed  from  earlier 
studies  chiefly  in  the  greater  attention  given  to  questions  of  ex¬ 
perimental  design,  and  control  and  in  the  relatively  small  number 
of  subjects  used.14  Two  separate  studies  were  carried  out,  in  each 
of  which  16  graduate  gunners  trained  on  the  Martin  turret  and 
16  graduate  gunners  trained  on  the  Sperry  upper  turret  were  used; 
The  two  studies  were  uniform  in  design  up  to  the  completion  of 
the  third  gun  camera  mission.  Moreover,  it  turned  out  that  .the 
variation  introduced  after  the  third  mission  in  the  second  study 
produced  no  statistically  reliable  shifts  in  gun  camera  proficiency*. 
It  was  possible  to  combine  results  from  the  two  studies  in  the 
analysis  of  the  effectiveness  of  prediction,  although  the  sfcudi.es  • 
were  conducted:  at  different  times.  However,  for  a  few  of  the 
tests  used,  it  was  found"  that  the  test  performance  of  the  gunners, 
tested  later  differed  from  that  of  the  group  tested  earlier  by  a 
statistically  reliable  amount  (CR  greater  than  3.0),  so  validity 


“These  atudle*  were  carried  out  under  the  supervision  of  Capt  Moncrlet -H.  8t»ltb/0? 
the  School  of  Aviation  Medicine  and  Capt.  Mason  Halre.  They  were  agisted  by. 

Riner  Payne.  , 


coefficients  for  these  tests  were  .computed  separately  for  each 
study.  ' 

Printed  tests  included  in  this  study  were:  SAM  Arc  Estimation, 
Rad  Distance,  and  Rad  Length  Test  (no  code) ;  SAM  Angular 
Judgment  Test,  Part3  I,  II,  III  (no  code) ;  and  Speed  of  Identifica¬ 
tion  Test,  CP610A.  Apparatus  tests  included:  Electronic  Pilot 
Pursuitmeter,  CM815A ;  Timing  Reaction  Test,  CM504B ;  SAM 
Visual  Coincidence  Reaction  Time  Test,  CP613B-3;  SAM  Two- 
Hand  Pursuit  Test  (Thurstone),  CM810A;  and  SAM  Self-Pacing 
Discrimination  Reaction  Time  Test,  CP611E.  In  addition,  three 
synthetic  trainers  used  in  gunnery  were  administered  as  possible 
selection  tests.  These  included :  Panoramic  Gunnery  Trainer  (De- 
Vry),  Mark  II;  Jam-Handy  (E-14)  Trainer;  and  the  El-8  Spot¬ 
light  Trainer.  All  apparatus  tests,  inxluding  the  gunnery  training 
devices  used  as  tests,  were  timed  to  give  each  man  8  to  10  minutes 
of  performance.  The  same  battery  of  tests  was  given  to,  Sperry 
and  Martin  gunners,  except  that  the  Sperry  gunners  were  tested 
on  an  El-8  Spotlight  Trainer  modified  to  permit  the  use  of  Sperry 
equipment.  It  was  found  that  scores  on  the  Panoramic  Trainer 
and  on  the  Electronic  Pilot  Pursuit  Test  varied  sufficiently  in  the 
two  studies  to  prevent  data  being  combined  for  the  calculation  of 
validity  coefficients.  /. '  ,  ,  ’  -  ? 

The  gun  carnera  scores  used  in  this  study  included  were  different 
for  Martin  and  Sperry  gunners.  For  Martin  gunners,  two  scores 
were  used :  circular  error  scores,  which  measured  in  mils  the  gun¬ 
ner’s  deviation  from  the  correct  point  of  aim;  and  “percent  hits,” 
the  proportion  of  scored  frames  in  which  the  gunner’s  point  of 
aim  was  within  a  distance  of.  15  mils  from  the  correct  point  of  aim. 
For  Sperry  gunners,  three  scores  were  used:  tracking  error  scores, 
the  distance  in  mils  from  the  center  of  the  sight  to  the  nose  of  the 
attacking  plane;  framing  error  scores,  the  absolute  magnitude  in 
mils  of  the  difference  between  the  wingspan  of  the  plane  and  the 
separation  of  the  vertical  extensions  of  the  sight  reticle  ;  and  track¬ 
ing  and  framing  errors,  the  sum  of  the  two.  A  more  detailed  de¬ 
scription  of  the  scoring  procedures  is  presented  in  the  gun  camera 
section  of  chapter  9. 

The  reliability  of  gun  camera  scores  for  three  missions  was 
estimated  to  be  in  the  0.60’s  for  both  Martin  .and  Sperry  scores. 
Reliability  for  all  six  missions  was  somewhat  higher.  Further 
discussion  of  the  problems  of  determining  reliability  of  gun  camera 
scores  and  further  data  on  the  various  estimates  of  reliability 
obtained  are  presented  in  chapter  9. 

Validity  coefficients  obtained  in  this  study  were  uniformly  low. 
Only  the  SAM  Two-Hand  Pursuit  Test  (Thurstone),  CM801A, 
showed  promise  of  predicting  proficiency  for  both  Sperry  and 
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Martin  gunners.  For  this  test,  the  validity  coefficients  for  pre¬ 
dicting  scores  on  the  first  three  missions  (Martin)  and  the  scores 
on  all  six  missions  (Martin)  and  for  predicting  combined  tracking 
and  framing  on  all  six  missions  (Sperry)  were  sufficiently  large  to 
be  expected  to  arise  by  chance  less  than  5  times  in  100  in  each 
instance.  Although  these  studies  were  as  carefully  controlled  a« 
possible,  the  difficulties  of  maintaining  uniform  conditions  for  gun 
camera  firing  and  the  small  number  of  cases  prevented  the  estab¬ 
lishment  of  any  clear  cut  conclusions  from  the  results  obtained. 
The  validity  coefficients  obtained  are  presented  in  Tables  6.17, 
6.13,  and  6.19. 


THE  SELECTION  OF  B-29  GUNNERS 

The  evidence  from  combat  theaters  and  from  research  projects', 
as  summarized  above,  was  clear  in  indicating  deficiencies  in  the 
existing  program  of  selection  of  gunners.  With  the  advent  of 
training  of  gunners  for  very  heavy  bombers,  a  concerted  effort 
was  made  to  establish  a  more  effective  selection  program.  The 

Table  6.17: — Correlation  of  teat  scores  with  gun  camera  scores:  Martin  turret 
(32  Martin  gunners:  July-Septomber  1915) ' 


Circular  error* 


MUilont 


85.28 

0.08 

:  0.05 

27.84 

.18 

.16 

8.31 

-.13 

28.18 

.00 

-.06 

48.47 

.08 

.09 

21.82 

-.01 

-.03 

12.87, 

.80 

.28 

13.69 

-.06 

*02. 

38.31 

.16 

.25 

* 

43.91 

-.15 

.03 

575.72 

.40 

.43 

C  397.54 

.20 

.33 

79.12 

.22 

.18 

128.41 

-.14 

—.13 

6.68 

.12 

.19 

'3,565.40 

.07 

.07 

Mlnloaa 


.  -0,13 
—.00 
-.2* 
-.09 


x  Rim.  ftf  h,y,  been  adjusted  bo  that  a  positive  correlation  Indicate*  that 

«»»«««  &e!t  U  asioJlated  with  "Goodness”  of  performance  o.  the 
criterion.'  .  . 

For  N=32,  a  cooineient  as  large  as  .35  would  he  *£^«>oeearbr 
100;  and  a  coofflclcnt  as  large  as  0.45  would  be  expected  to  occur  by  chance  l  tins*  In  loo. 


Table  6.18.— Correlation*  of  teat  acorea  with  gun  camera  tcoret:  Sperm  tur¬ 
ret  (St  Sperm  gunnera:  July-September  19i5) 


T**t 


Are  estimation  test  t 

Total  score _ 

Part  I _ 

Part  II - 

Part  III - 


Angular  Judgment: 

Total  acore - 

Part  I - - - 

Part  II—— - 

Part  III - - - 


Speed  ot  Identification,  CP610A - 

Visual  coincidence,  CF613B-3 - 

Two-band  pursuit  (Tburstone). 
CM810A.  , 

Self-pacing  discrimination  reaction 
time  test,  CP611B. 

Timing  reaction  test,  0M504B: 

Correct  responses - - - 

Errors — . - - - - 


Jam-Handy  trainer. 


Correlations' 


M 

Tracking 

Framing 

Tracking  and 
framing 

Missions 

Missions 

Missions 

1-3 

1-6 

1-3 

1-6 

1-3 

1-6 

89.60 

0:19 

0.01 

0.10 

0.02 

0.20 

0.03 

90.62 

.27 

—.06 

.17 

.12 

.31 

.08 

28.94 

-.09 

—.10 

.33 

.10 

.20. 

—.01 

30.03- 

.15 

.12 

-.18 

—.11 

—.03 

—.02 

50.32 

.04 

—.05 

—.08 

.15 

-.03 

.06 

21.78 

.10 

.09 

.03 

.27 

.13 

.21 

14.75 

-.02 

—.20 

-.18 

—.15 

—.17 

—.21 

13.78 

—.03 

•—.06 

—.07 

.16 

—.08 

.06 

42.03 

—.26 

--.08 

.03 

.19 

-.10 

.05 

41.75 

-.13 

-.08 

.17 

.31 

.10 

.14 

585.91 

.11 

.37 

.07 

.35 

.16 

.43 

412.00, 

~,15 

-.08 

.02 

.11 

— .04 

.03 

73.78  , 

.07 

.27 

-.18 

.01 

-.07 

.13 

103  22 

,02 

—.23 

.15 

—.06 

.07 

—.10 

6.81- 

.14 

.10 

.06 

.20 

.12 

.17 

v  signs  of  coefficients  bare  been  adjusted  so  that  a  positive  correlation  indicates  that 
‘‘goodness"  of  performance  on  tbs  test  Is  associated  with  “goodness"  of  performance  on  the 
criterion. 

For  N=32;  a  coefficient  as  large  as  0.45  would  lie  expected  to  occur  by  chance  1  time 
In  100. 


Table  6. 19. -r-Corr  elation of  teat  acorea  with  gun  camera  acorea  for  each  ex¬ 
periment  for  leata  where  acorea  differed  from  experiment  I  to  experiment  II 
(July-September  19M)X 


Test 

Mean 

Sperry  gunners  (N=16) 

Tracking — 
missions 

Framing — 
missions 

1 

Track  and  frame 
— missions 

« 

1-3 

1-6 

1-3 

1-6 

1-3 

1-6 

Experiment  I 

* 

Electronic  pilot  pursuit  test.  CM815A.. 

1.49 

-0.44 

-0.45 

0.12 

0.03 

-0.lt 

—0.21 

Panoramic  trainer: 

* 

Hits  _ 

226.88 

.22 

.02 

.02 

—.33 

.10 

—.22 

Percent  hits -  - - - - 

20.94 

.21 

.09 

.12 

.02 

.21 

.04 

Time  on  target — — - 

631.56 

-.16 

—.01 

.03 

.33 

.08 

.26 

—.24 

—.05 

—.16 

—.13 

—.26 

—.12 

Experiment  II 

Electronic  pilot  pursuit  test,  CM815A— 

2.26 

.37 

.42 

.12 

.41 

.36 

.60 

Panoramic  trainer: 

• 

Hits . . . 

105.19 

.19 

.23 

.08 

.32 

.20 

.43 

Percent  bits — - - 

11.18 

.19 

.45 

.10 

,20 

.21* 

.47 

Time  on  target. - 

354.00 

.17 

.38 

.14 

.29 

.24- 

1 

‘Correlations  were  computed  for  each  experiment -separately  for  all  tests,  on  which  mean 
score  In  the  two  experiments  differed  by  an  amount,  so  large  as  to  be  expected  to  arise  by 
chance1  leas  than  1  time  In  1000  (CB  of  3).  Signs  are  adjusted  so  that  ,a  positive  r 
Indicates  that  "goodness"  of  performance  on  the  test  Is  associated  with  "goodness"  of 
performance  on  the  criterion.  For  N=16,  an  r  as  large  as  0.50  would  be  expected  to  occur 
by  chance  5  times  In  100;  and  an  r  as  large  as  0,62,  1  time  In  100. 
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Tabu  6.HS— contSnuod 


- - 1 _ ,Brzz 

,•  i  •  s 

Martin  praam  (Nall)  .  1 

'  •  Twt 

t  ;■'«  •  J  -  •  ' 

Mean 

Circular  error— 
million* 

Percent  hit* — >  ;  . 
million*  * 

» 

*  *  *  * 

lr3 

1-4 

1-8 

v. 

Mxpnrimtnt  t 

■  •  :> 

*  *;  .  ! 

Electronic  pilot  punuit  test,  CM815A _ 

p*nor*mlc  trainer: . 

-.27 

0.07 

-0.10 

-0.08 

'  -0.2B 

Hit* - £ . .  . 

191.91 

.08 

.20 

.09 

}  .2* 

Percent  hit* -  - - - 

18.60 

-.15 

—.10 

—.23 

—.13 

Time  on  tarfet - - - 

Sxprrimtnt  II 

622.41 

—.22 

-.08 

-.31 

-.It 

’  ,  »'  » 

Electronic  pilot  purault  test,  CM815A-. 
Panoramic  trainer: 

■  2.73 

.2# 

.35 

.31 

.  ,L 

Hit* . .  . 

95.1# 

-.16 

—.11 

-.17 

-.07 

Percent  hit* - 

7.75 

.05 

.02 

.03 

•  :  .11 

Time  on  tarfet  ...  _  _ 

271.06 

—.10 

-.0# 

—.12 

—.01 

»,"*  > 

program  set  up  for  the  selection  of  B-29  gunners  was  based  on 
information  obtained  from  the  studies  on  the  selection  of  gunners 
for  light,  medium,  and  heavy  bombers,  and  it  was  patterned  on 
the  selection  program  used  for  the  classification  of  aviation  cadets^ 
The  objective  of  the  program  was  to  select,  from  the  available  per¬ 
sonnel  for  gunnery  training,  those  men  who  were  most  likely  to 
succeed  as  B-29  gunners.  • :  ..■•••.  i  >  * 

Deficiencies  in  training  accented  the  need  for  proper  selection. 
Many  practical  difficulties,  such  as  shortages  in  equipment  and  in 
trained  instructors,  prevented  the  immediate  institution  of  a 
standardized  training  program  for  B-29  gunners.  This  made'  it  ■ 
all  the  more  important  that  a  carefully  designed  and  executed . 
selection  program  be  used  if  combat  requirements  for  good  gun-; 
ners  were  to  be  even  approximated.  ; 

Although  stanines  for  the  various  light,  medium,  and  heavy] 
bomber  gunnery  jobs  were  introduced  in  the  aviation  cadet  selec¬ 
tion  and  classification  battery  in  September  of  1944,  these  scores  ' 
were  not  actually  used  at  first  for  the  classification  of  gunners. 
Gunnery  training  absorbed  all  available  manpower  after  men  had 
been  selected  for  other  types  of  training.  Since  the  number  of' 
men  to  be  trained  as  B-29  gunners  constituted  only  a  small  pro¬ 
portion  of  the  total  number,  of  gunners  to  be  trained,  it  was  possible 
to  select  men  of  the  highest  caliber  for  this  difficult  and  responsible 
job.  Thus,  for  the  first  time,  early  in  1945;  a  prog.itm  for  the,  - 
selection  of  gunners  could  be  applied.  After  several  months,  the 
ratio  of  B-29  students  to  other  gunnery  students  increased,  and, 
in  addition,  the  total  number  of  gunners  to  be  trained  dropped  oflf; 
However,  during  most  of  the  period  from  January  1945  until  the 
end  of  the  war,  the  pool  of  candidates  for  gunnery  training  was 
divided  into  two  general  categories,  B-29  gunners  and  other 
gunners. 

703324 — 17— T 
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On‘9  December  1944,  a  directive  was  sent  to  the  AA?  Training 
Command  and  subsequently  to  the  Central  School  for  Flexible 
Gunnery,  by  Headquarters,  Army  Air  Forces,  indicating  the  desir¬ 
ability  of  carefullyclaasifying  men  to  be  trained  as  B-29  gunners* 
It  was  pointed  out  that  the  job  of  the  B~29  gunner  in  operating 
remotely-controlled  turrets  was  more  complex  than  the  job  of  the 
gunner  operating  locally-controlled  turrets  which  were  mounted 
on  a  bomber  which  flew  at  slower  speeds  and  at  lower  altitudes 
than  did  the  B-29.  It  was  directed  that  all  candidates  for  B-29 
gunnery  training  take  the  aviation  cadet  selection  and  classifica¬ 
tion  battery  and  be  given  gunnery  stanines  in  accordance  with 
certain  prescribed  procedures. 

In  carrying  out  this  directive,:  the  problem  of  selecting  B-29 
gunners,  was  broken  down  into  two  specific'  problems,  each  of 
which  required  a  different  solution  because  of  basic  differences  in 
the  population  to  which  they  applied.  • 

One  of  these  problems  involved  setting  up  a  permanent  program 
for  the  selection  of  B-29  gunners.  This  problem  was/met  by  de¬ 
termining  a  routine  procedure  for  selection  prior  to  the  entrance 
of- candidates  into  lb-29  gunnery  schools  or  into  a  technical  school 
which  led  to  gunnery  training.  This  selection  program  was  accom¬ 
plished  by  a  method  similar  to  that  in  use  for  the  selection  of 
bombardiers,  navigators,  and  pilots.  ' 

The  second  problem  involved  setting  up  a  temporary  program 
for  the  screening  of  potential  B-29  gunnery  school  candidates  from 
men  already  committed  to  some  type  of  technical  training.  These 
men  were  in  a  technical  school  and  thus  had  passed  beyond  the 
stage  at  which  they  could  have  been  economically  rerouted  through 
usual  classification  processing.  An  effort  was  made  to  select  the 
best  qualified  men  to  proceed  to  B-29  gunnery  training  upon  com¬ 
pletion  of  their  technical  training.  No  single  procedure  for  the 
selection  of  these  men  was  possible ;  therefore,  specific  procedures 
had  to  be  worked  out  to  fit  the  particular  circumstances  in  each 
area  of  technical  training.  This  temporary  program  of  selection 
wasj  terminated  as  soon  as  the  permanent  program  became  fully 
effective.  * 

The  permanent  program  for  the  selection  of  B-29  gunners  fob 
.  lowed  the  procedures  diagramed  in  figure  6.1.  Once  technical 
training  schools  had  been  exhausted  as  a  source  of  men  to  be  - 
trained  as  B-29  gunners,  there  were  three  normal  sources  of 
supply  of  candidates  for  this  type  of  training,  the  AAF  Basic  \ 
Training  Centers,  the  AAF  Personnel  Distribution  Command,  and 
enlisted  permanent  party  personnel  of  stations  in  the  AAF  Train¬ 
ing  Command.  The  Basic  Training  Centers  supplied  men  who  had 
passed  the  Air  Corps  qualifying  examination  and  who  were  cur- 
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rcntly  reaching  the  induction  age.  The  total  number  of  men  in  the 
Basic  Training  Centers  who  were  qualified  at  the  time  of  the 
initiation  of  the  B-29  selection  program  was  approximately 
40,0100  men.  Of  this  total,  approximately  70  percent  failed  to 
qualify  for  training  as  bombardiers,  navigators,  or  pilots.  The 
floW  from  the  Personnel  Distribution  Command  materially  de¬ 
creased  as  time  went  on  and  eventually  bec&me  an'  unimportant 
source  of  candidates  for  gunnery  training.  The  flow  from  perma¬ 
nent  party  personnel  was  rather  sporadic  and  unpredictable  and 
did  not  constitute  a  major  source  of  personnel.  Thus,,  after  the 
initiation  of  the  B-29  selection  program,  the  chief  sources  of 
personnel  for  gunnery  training  were  the  Basic  Training  Centers. 

The  program  designed  for  the  temporary  selection  of  B-29 
gunners  required  that  all  men  who  were  in  technical  schools  and 
who  had  not  previously  taken  the;  aviation  cadet  selection  and 
classification  battery  be  examined.  Students  in  the  airplane 
mechanics  schools  at  Keesler  Army  Air  Field  and  Amarillo  Army 
Air  Field  were  tested  at  the  Medical  and  Psychological  Examining 
Units  already  in  operation  at  those  stations.  Students  in  the 
pregunnery  remote-control  turret  courses  and  in  the  pregunnery 
armorer  courses  at  Lowry  Army  Air  Field  were  tested  at  the 
Medical  and  Psychological  Examining  Unit  No.  9;  which  was  re¬ 
opened  for  the  special  purpose  of  examining  these  men.18 

The  scores  used  for  the  screening  of  B-29  gunners  were  deter¬ 
mined  on  the  basis  of  the  number  of  men  needed  for  B-29  training 
and  the  percentage  of  candidates  who  could.  be  expected  to  qualify 
for  training  on  the  basis  of  the  scores  established.  The  minimum 
aptitude  scores  used  were  as  follows: 

Far  training  as  a  B-29  Career  Gunner  and  Armorer  Gunner,  a  stanine  of 
six  (6)  or  above. 

For "'training  as  a  B-29  Remote-Control  Turret  Gunner,  or  as  a  B-29 
Airplane-Electrical  Mechanic  Gunner,  a  Mechanic- Armorer  Gunner  stanine  of 
six  (6)  or  above.  ■  \ 

For  training  as  a  B-29  Armorer  Gunner,  a  Mechanic-Armorer  Gunner 
stanine  of  five  (6)  or  above. 

For  men  who  had  been  tested  with  the  aviation  cadet  selection 
and  classification  battery  prior  to  1  September  1944,  and  for  whom 
there  were  no  recorded  gunnery  stanines,  a  bombardier  stanine  of 
5  was  used  for  minimum  requirement  for  B-29  gunnery  training. 
Men  returning  from  combat  who  were  candidates  for  B-29  gunnery 
training  were  retested  if  tley  did  not  have  a  gunnery  stanine.  At 
first,  combat  returnees  were  given  a  one  stanine  point  bonus  but' 
this  procedure  was  later  done  away  with.  Effective  26  March, 
1945,  the  aptitude  requirements  for  all  B-29  gunnery  specialist 

For  *  description  of  the  battery  used  and  procedures  followed  In  administration,  see 

Report,  No.  2  In  this  eerie* 

*  . 
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positions  were  changed  to  require  an  Armorer  Gunner  Stanine  of 
five  (5)  or  better.  For  men  previously  tested  and  for  whom 
the  Armorer  Gunner  Stanine  was  not  available,  a  Bombardier 
Stanine  of  five  (5)  or  better  was  substituted.  On  1  July  1945, 
when  a  new  classification  battery  was  introduced,  a  minimum 
Aerial  Gunner  Stanine  of  five  (5)  was  required  for  all  types,  of 
very  heavy  bombardment  gunnery  training.  The  processing ‘of 
men  for  the  B-29  gunnery  training  program  began  ifi  January, 

1945,  and  continued  until  shortly  after  the  capitulation  of  Japan. 

T  .  !  •  " 

elimination  procedures  in  aaf  training  command 

GUNNERY  SCHOOLS 

•  •  i-  •  ’■  .  •  -5*1  M*-1‘ 

Introduction 

The  problem  of  selection  of  gunners  was  considered  to  include 
not  only  selection  by  tests  prior  to  training  but  also  the  selection 
which  occurred  through  the  operation  of  elimination  policies  in  the 
gunnery  schools.  Improvement  in  elimination  procedures  was 
considered  desirable  as  a  means  of  improving  the  average  profi¬ 
ciency  of  gunners  assigned,  to  combat  crews.  ‘  ’*■  -;- 

First  Proposals  for  Improvement  in  Elimination  Procedures  .?,. 

Early  attempts  to  effect  improvement  in  elimination  procedure^ 
stressed  two  basic  points:  (a)  the  motivational  value  of  a  definite 
elimination  policy,  and  (b).the  need  for  a  standard  procedure  of 
elimination,  designed  so  that  a  gunner's  projects  of  elimination 
would  depend  on  his  proficiency,  and  not  upon  the  particular, 
school  or  clnss  in  which  he  received  his  training.  •  •-.»  :  • 

As  an  argument  for  at  least  some  type  of  elimination  policy,  _ 
especially  since  some  schools  were  eliminating  very  few  students, 
it  was  urged  that  creating  a  training  situation  involving  the 
definite  possibility  of  failure  and  elimination  would  increase  the 
motivation  of  students.  Five  percent  elimination  was  arbitrarily 
set,  on  the  basis  of  the  best  available  judgment,  as  the  minimum 
percentage  desirable  in  basic  gunner  training.  ♦. 

The  various  types  of  measures  that  each  schooi  was  employing 
at  this  time  as  grounds  for  elimination  were  reviewed,  and  it  was 
decided  that  the  most  promising,  in  terms  of  relevance  to  gunnery 
proficiency  and  amenability  to  standardization,  were  (a)  air  firing 
scores,  (b)  ground  firing  scores,  and  (c)  academic  grades;  It  was 
further  suggested  that  those  students  be  considered  for  elimina¬ 
tion:  who  stood  in  the  lowest  4  percent  of  their  class  in  air  firing 
proficiency,  in  the  lowest  4  percent  in  ground  firing  proficiency,  and 
in  the  lowest:  2  percent  in  academic  proficiency.  It  was  also  pro¬ 
posed  that  each  school  continue  its  own  method  of  scoring  in 
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these  areas  until  some  standardized  methods  for  use  in  all  schools 
could  be  developed.  Late  in  1943,  this  suggested  policy  became 
the  official  policy  for  elimination  from  basic  gunnery  training 
as  stated  in  directives  issued  by  Headquarters,  AAP  Training 
Command...  v  *  . .  «  j 

•  *  ,  ..  *  ; 

Attempt*  at  Standardization 

Investigations  of  air-to-air  and  ground  range  firing . — The  first 
investigations  of  air  firing  at  Harlingen  and  Laredo  led  to  the 
strong  impression  that  air  firing  scores  were  extremely  unreliable, 
due  to  the  large  number  of  uncontrolled  factors  operating  in  this 
situation,  as  has  already  been  noted  in  chapter  5.  A  similar  sit¬ 
uation  was  found  to  exist  in  ground  range  firing.  Firing  was 
conducted  under  a  variety  of  conditions,  and  scoring  was  not 
always  carefully  supervised.  Schools  differed  with  respect  to 
the  .type  and  size  of  target  used.  Attempts  were  made  to  persuade 
training  officers  at  the  various  schools  to  standardize  air  and 
ground  firing  situations.  In  addition,  a  form  for  reporting  scores 
weekly  to  the  Instructors  School  wa3  prepared  and  distributed. 
On  the  basis  of  the  returns  each  week,  statements  were  sent  out 
to  all  gunnery  schools  summarizing  the  differences  in  scoring  and 
in  elimination  rates  among  schools,  as  one  means  of  pointing  out 
the  need  for  standardization.- 

Construction  of  achievement  tests . — Variations  among  schools 
in  the  measurement  of  gunnery  knowledge  was  reduced  by  the 
development  and  adoption  of  the  Gunnery  Final  Examination 
(discussed  in  chapter  7).  The  use  of  scores  on  this  examination 
as  a  basis  for  elimination  was  directed  by  AAF  Training  Command. 

Survey  of  Elimination  in  Gunnery  Schools 

In  December  1943,  a  survey  was  made  of  student  elimination  in 
five  successive  classes  in  each  of  six  gunnery  schools..  The  results 
of  thi3  study  are  presented  in  table  6.20.  It  was  found  that 
marked  variations  in  percent  eliminated  appeared  among  the 
schools  and  among  classes  in  the  same  school.  Scores  obtained 
from  administration  of  the  Gunnery  Final  Examination  for  each 
school  varied  appreciably  from  school  to  school,  sc  that  the 
application  of  a  fixed  cut-off  score  on  this  test  would  have  resulted 
in  marked  variations  in  percentage  of  students  eliminated  in  the 
different  classes. 

There  was,  however,  no 'reason  to  believe  that  the  method  of 
assigning  gunners  to  schools  would  result  in  marked  variations 
in  gunnery  ability  from  school  to  school  or  from  class  to  class. 
As  a  check  oh  this  viewpoint,  examination  was  made  of  mean 
Army  General  Classification  Test  scores  in  four  successive  classes 


Tab  Li  6.20.—JP ercsnt  of  eludents  eliminated  for  various  gunnery  deficiencies 
at  out  basic  gunnery  tchooU,  five  classes-  (October-November  i$iS)x 

PERCENT  ELIMINATED  FOR  AIH-TO-AIR  FIRINO  DRFICIENOT  .  ' 


IMS - 

43-44 - 

43-45 - 

43-45 - - - - 

43-47 - 

Mtan _ 


Bueklai- 

ham 

Larada 

Harlingen 

f 

f 

Kingman 

0.00 

1.35 

2.30 

0.38 

2.20 

*  •  .00 

1.60 

2.10 

,  -31 

.00 

.00 

4.41 

3.10 

.18 

.63 

.00 

.00 

.40 

.90 

2.50 

.00 

1.61 

i.ro 

1.10 

.00 

.00 

.1.79 

1.84 

.58 

1.07 

PERCENT  ELIMINATED  FOR  GROUND  FIRING  DEFICIENCY 


43-43  . -  - 

0.20 

0,00 

0.00 

0.00 

1.00 

0.69 

4S— 44 — _ ... 

1.93 

.00’ 

.00 

.00 

.00 

.37 

43-45 . 

1.05 

.00 

.1.00 

.00 

1.06 

.00 

43-46. 

.48. 

.00 

.70 

.00 

.56 

1.94 

43-47 - 

.40 

.00 

.80 

.18 

.00 

r,.z* 

Mean. 

.71 

.00 

.50 

. 

.04 

.52 

1.28 

PERCENT  ELIMINATED  FOR  ACADEMIC  DEFICIENCY  (AS  MEASURED  BY  GUNNERY 

FINAL  EXAMINATION,  FORM  0)  ‘  * 


43-43 - : _ 

1.01 

1.80 

3.70 

0.18 

5.73 

3.94 

43-44 _ _ 

-  1.74 

'3.89 

8.40 

.00 

.00 

6.68 

43-45— 

1.05 

1.47 

5.40 

.56 

1.06 

1.54 

43-46. 

.00 

1.58 

2.90 

.18 

1.25 

1.51 

43-47  -  - 

.00 

2.15 

3.10 

.36 

.00 

1.27 

Mean _ 

.87 

2.18 

4.30 

.26 

1.61 

.2.79 

PERCENT  ELIMINATED  FOR  AIR-TO-AIR  FIRING  GROUND  RANOE  FIRING  .  AND 
.  ACADEMIC  DEFICIENCY  ■  *  . 


43-43  . 

1.21 

3.15 

6.00 

0.54 

8.93 

5.49 

43-44 . 

3.67 

5.49 

8.50 

.37 

.00 

7.62 

43-45  ..  . 

2.10 

5.88 

9.50 

.74 

2.75 

-•-1.54 

43-46 - 

.48 

1.58 

4.00 

1.08 

5.31 

6.69 

43-47 

2.10 

6.45 

6.20 

1.64 

.00 

•  7.97- 

Mean.. 

1.86 

4.51 

6.64 

.87 

3.40 

5.86 

1  TBa  N’*  In  all  cams  art  approximately  400. .  1  ‘.•••  ’•I 

at  Buckingham.  The  variations  obtained  as  shown  in  Table  6.21 
did  not  indicate  that  large  shifts  in  ability  were,  occurring  as  far 
as  this  index  was  concerned.  .  -*  ^  * 

Table  6.21, — Army  general  classification  test  scores  for  four  successive 
classes  (Buckingham,  July-August  191#) 


Clast 

N 

U 

si>  - 

4a_«i 

306 

110.4 

1141 

43— *2 

335 

106.4 

•  12.8 

43-33 

175 

110.5 

.  14.7 

43-34  . 

331 

110.3 

12.8 

First-hand  observation  of  testing,  training,  and  firing  condi¬ 
tions  at  the  gunnery  schoolsgave  strong  support  to  the  view  that 
the  use  of  a  relative  system  of  elimination  (a  fixed  percentage 
eliminated  in  each  class)  was  superior  to  a  static  system  (fixed. 
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cut-off  score  on  tests  and  ranges)  in  view  of  conditions  existing 
in  gunnery  schools. 

Changes  in  , Elimination  Standards 

During  1944  and  1945,  certain  changes  in  elimination  standards 
were  brought  about.  Perhaps  the  most  important  of  these 
changes  resulted  from  the  introduction  of  phase  checks.  (See 
chapter  8.)  These  instruments  permitted  the  elimination  of  stu¬ 
dents  deficient  in  the  care  of  their  equipment.  Also,  early  in 
3.944,  air  firing  scores  were  dropped  as  a  basis  for  elimination 
because  of  their  unreliability  and  because  the  development  of 
Position  Firing  called  attention  to  the  lack  of  similarity  between 
air  firing  and  the  gunner's  job  in  combat.  Although  much  effort 
was  devoted  to  the  development  of  gun  camera  procedure  and 
scoring  as  a  substitute  for  air  firing,  this  measure  was  not  de¬ 
veloped  to  a  point  which  would  permifcfits  routine  use  for  eliminat¬ 
ing  gunners. 

The  conversion  of  phase  check  scores  into  a  5-point  scale,  with 
a  converted  score  of  1  considered  a  failure,  was  relatively  well 
received,  by  the  gunnery  schools.  Gun  camera  scores  were  inter¬ 
preted  by  use  of  a  similar  conversion  table.  On  the  basis  of  this 
experience,  a  program  for  developing  similar  norms  for  various 
ranges  and  tests  was  under  way  at  the  close  of  the  war.  Such  a 
development  would  have  been  a  step  in  the  direction  of  uniform 
elimination  procedure. 

Critique  of  Gunnery  Elimination  Procedures 

Throughout  the  war,  certain  fundamental  difficulties  stood  in 
the  way  of  a  rigorous  uniform  elimination  policy.  Although  at¬ 
tempts  were  made,  as  described  above,  to  improve  elimination 
methods,  these  efforts  did  not  succeed  in  eliminating  the  three 
basic  difficulties  described  below. 

1.  The  lack  of  an  established  criterion  of  gunnery  'proficiency,  to 
provide  a  basis  for  elimination . — It  was  pointed  out  in  chapter  5 
that  adequate  methods  of  measuring  the  ability  of  gunners  to 
aim  and  shoot  at  attacking  fighters  were  never  established.  It 
was  also  never  found  to  be  possible  in  training  to  simulate  more 
than  roughly  the  conditions  under  which  the  gunner  performed 
his  combat  job.  Thus  substitute  criteria,  which  were  based  on 
various  devices  and  procedures  used  in  training,  remained  inade¬ 
quate.  The  elimination  policy  inevitably  reflected  the  deficiencies 
in  the  substitute  criterion,  • 

2.  Th*  need  to  graduate  a  relatively  definite  number  of  student 
gunners  each  week  for  assignment  to  combat  crew  training. — The 
practical  problem  of  always  filling  this  need,  which  varied  from 


time  to  time,  was  solved  to  an  extent  by  the  creation  of  pools  of 
graduates  from  which  the  training  air  forces  could  draw.  The 
possibility  of  somewhat  increasing  the  size  of  basic  gunnery 
classes  in  the  event  that  a  greater  elimination  rate  was  deemed 
desirable  was  always  limited  by  the  barely  adequate  number  of 
men  available  for  possible  training  as  gunners.  Due  to  the  rather 
rigid  nature  of  the  military  training- situation,  there  was  always 
the  necessity  of  graduating  a  minimum,  number  of  students  each 
week  from  each  school,  regardless  of  the  proficiency  of  the  men 
graduated.  This  forced  attempts  at  reduction  of  variability  in 
.  elimination  rates  and  also  encouraged  the  graduation  of  an  excess 
number  of  men  in  each  class,  a  practice  which  never  incurred 
censure  as  did  the  failure  to  meet  a  quota  .  . 

3.  The  lack  of-  strict  enforcement  of  elimination  procedures.— 
Each  gunnery  school  in  the  AAF  Training  Command  developed 
with  a  certain  degree  of  autonomy.  This  fact  usually  lead  to 
compromises  between  programs  of  strict,  specific  standardization, 
urged  by  individuals  in  the  Central  School,  and  the  more  or  less 
laissez-faire  approach  desired  by  local  school  authorities.  The 
result  was  that  the  schools  conformed  to  certain  broad  require¬ 
ments  in  the  determination  of  elimination,  but  to  a  considerable 
extent  eliminated  whom*  they  pleased  in  a  way  that  pleased  them. 

SUMMARY  •. 

Efforts  at  research  in  gunnery  selection  were  handicapped  by 
two  major  problems:  first,  the  difficulty  of  obtaining  adequate  cri* 
teria  for  the  validation  of  gunnery  selection  devices;  and  second, 
the  stringent  limitations  upon  the  amount  of  selection  of  gunners 
which  could  actually  be  done  during  most  of  the  war.  The  early 
validation  studies  indicated  that  the  acquisition  of  gunnery  knowl¬ 
edge  could  be  predicted  with  moderate  success,  but  the  effective-, 
ness  of  tests  for  predicting  skill  in  the  use  of  equipment  remained 
unknown  because  of  inadequacies  found  in  the '  criteria  used. 
Efforts  at  obtaining  better  criteria  for  use  in  validation  led  to  ex¬ 
tensive  changes  in  various  phases  of  gunnery  training  described 
elsewhere  in  this  report,  but  did  not  achieve  the  goal  of  providing 
adequate  criterion  measures.  The  most  elaborate  experimental 
■  studies,  using  gun  camera  scores  as  a  criterion,  although  based 
on  a  relatively  small  number  of  cases,  suggested  that  skill  in  use 
of  equipment  was  not  likely  to  be  predicted  with  a  high  degree 
of  validity  by  the  carefully  selected  performance  tests  tried  out. 
With  regard  to  gunnery  selection,  the  various  studies  were  useful 
in  determining  stanines  for  the  selection  cf  B-29  gunners. 
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Finally,  the  predominantly  negative  results  obtained  in  moet 
studies  served  to  stress  the  importance  of  concentrating  effort 
upon  the  improvement  of  gunnery  training  as  the  more  promising 
approach  to  the  improvement  of  gunnery  proficiency. . ;  » 

'li»f  '^*  '  1  t|lj  •*’  .*  .  \  *  ■  *  -  *  5**  *-  -1.0* 

■.  i:  ,  •  •:  ■  i  ■  irr-;  ;;  ■  •  !’  .  it" 


*  ,v.i* »’ 


;•  .  ^  y  •»  .*  ..n*  *•  ■■  ..v  v.:-  »*.«• 

..  1  -  \  .•»/  •  -  .*  •  '.I  - •  -  ‘  *.!.i  ' 

i  -•»  •  if  •  ‘  .  ’  ..  T  i*  *•  ''!•!:•■  I 

i ■  U.-iJ-’  I.**'.  ‘  •:  •  il  i.t  i  •'  i  *'<»-  f'5  ‘ 


.  t.-j’ 

1  *  ,  *  • 

’  l  **’*  it.  .nu  V*‘  'a  » 


•  s';!  /•  ;i*  > 

V.  />  .1* 


iju'JvV,  iV-d-  (.:«  .'j’.M'O  *>•*»  •  :  ‘ 

s.y  \ih-  '•j/.’i,  > if>T  .*•  i  ;  n.i/' 

.ivi «' ■» -r  ..v  'J  ■■  ■>  .:n 

4V-" 0f';  ,i;  ’!*'  ■■  ;'(!».*•'<  •'!.*  -If  4  *  i-  !  ".‘‘V 

/»{'!""  .ol-.’M.j  iir.;  ‘ :‘of  b 

O'fiupTi  i1  >•:  :  ■* 

M‘h  r.  <i  1  *».■;.  Mv*jt  i*  L“*;  !•’’  ■ 

.fh  »?•  I*  j  ;•  :i  v  ;  v ,  ;  *S/ "'li-.'*  ;  1-  :  *.si-  » -  v. 

•  '  •* 

■  ■  .  Va/i'V 

. 

*.  v‘.  t  •,  i*;  •.  :r.‘ ;  ‘  -i  •  •  i;i  *«  »  •.  •  •' 

•  -htf -i._  *.  r:;  . 

,  :  ‘  i  i  ;  ;*  •!'«.:  i*.  •-  •.  /• 

ff*,*  s.’'J  '*«■• 1  (jf/'-  .!■  >-ut  ** *.  ■  ■'! 

1  J  .  '  1  ■  f  *  '*r  •  .  v-; 


V  ViVr'V  .■  t  . 


;  •  •! . 


<■’ '  **s  i  /-*•'  ;>•  n  *' •  *.• 

:l  it.  ; 


.*  ■ n.  i  ■  i  t 


,  •  .*  »  r-<-  •*’ 


v,  *  *  *  ^  i  _  • 


'  r  it:  - 1' 


;  r  • 


98 


*nj.i*r  *  <  «.  »v  *  ,-.  t  **  j  :  •.  iv r »  <  !-  ./  <’  r 

•i  ‘  :f.' ^  >>  -i  .*m  V’-  •  !*;-  •  *  f-.li  *./- 


CHAPTER  SEVEN. 


t.'sf  i>  «.■**. 


•  i  •(  :is  '  '7  ■/*  ■  >  t 


•  j  -  *  sJ-  ; 


The  Development  of  Achieve-1. 1 

•'  •••  -  ,  m  ■  '<i  :-1j  v»i  H 

ment  lests.-v.v.r 


.  -  •  **.  -  *  \  *v  »  .«  »»*  r  ' 

Capt.  Lawrence  M.  Stolurow'  "  ‘  'r  “ 

#  -  »  «  *  >  .*  t  ■  *•  ^  • 


ROLE  OF  TESTING  EX  FLEXIBLE  GUNNERY  PROGRAM 

•  *  .  I  L  ■  .  .  »  * 

Achievement  Testing  in  the  Flexible  Gunnery  Program  . 

The  role  of  achievement  tests,  although  relatively  insignificant 
in  the  early  months  of  flexible  gunnery  training,  gradually  grew 
in  scope  and  importance  as  the  war  went  on.  .  In  general,  the 
various  uses  that  were  made  of  such  tests,  and  the  varying, 
emphasis  that  was  placed  on  them,  tended  to.  reflect  more  basic 
and  underlying  changes  that  were  occurring  in  the  training  of 
gunners.  It  is  convenient,  therefore,  to  consider  the  changing 
role  of  tests  in  terms  of  three  broadly  defined  periods  of  gunnery 
training.  The  first  of  these  was  a  period  characterized  by  many 
differences  in  instruction  and  in  testing  procedures  among  the. 
basic  gunnery  schools ;  the  second,  a  period  in  which  attempts 
were  made  to  make  the  instruction  and  testing  of  gunners  .more 
uniform  through  indoctrination  of  instructor  personnel;  and  the 
third,  a  period  in  which  both  instruction  and  testing  were  rela¬ 
tively  standardized,  and  were  controlled  to  a  considerable  extent  • 
by  policies  and  specific  directions  emanating  from  the  Central 
School.  !  •  ’  -  ♦«•„•»  tirr-.  •  -  <  !  • 

Period  of  decentralized  instruction  and  testing . — The  early 
training  of  flexible  gunners  was  governed  by  certain  requirements, 
in  terms  of  subject  matter,  training  procedures,  and  hours  of 
instruction,  that  were  set  forth  in  directives,  but  classroom  instruc¬ 
tion  was  a  highly  individualistic  affair.  Instructors  prepared  their 
lesson  plans  and  organized  their  courses  with  a  minimum  of 
supervision  and  guidance.  As  part  of  their  duties,  they  developed 
written  examinations,  administered  them,  scored  them,  and  ap¬ 
praised  the  results.  All  of  these  steps  were  likely  to  be  performed 
in  a  multitude  of  haphazard  ways,  reflecting  the  limited  back- 
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ground  and  ingenuity  of  individual  instructors;  even  elementary 
statistical  considerations  were  usually  ignored.  Some  schools 
used  tests  prepared  by  their  own  personnel  as  one  basis  for  evalu¬ 
ating  the  final  achievement  of  students  and  for  eliminating  the 
poorest  students  (see  chapter  6),  but  most  instructors  looked  upon 
achievement  tests  with  misgivings  as  to  their  importance  and  as  a 
rule  did  not  take  them  seriously.  *■/  ■ ,  •  ... 

The  general  level  of  achievement  testing  in  gunnery  in  late  1942 
is  indicated  by  the  following  quotation  from  a  report  describing 
tests  used  at  Las  Vegas: 

a.  Length  of  examinations. — For  the  most  part  examinations  have  been 
extremely  short,  i.e.,  some  Anal  examinations  consist  of  15  or  20  objective 
questions, 

b.  Types  of  questions  in  examinations. — The  examinations  contain  many 
true-false  and  completion  items.  Many  of  the  questions  are  so  obvious  aa 
to  require  little  knowledge  of  the  subject  matter  of  the  course.  No  attention 
has  been  paid  to  the  gradation  of  questions  in  terms  of  difficulty. 

e.  Weights  of  items  in  examinations. — No  good  rationale  has  been  discov¬ 
ered  for  the  weights  assigned  different  items  in  a  test.  It  is  reported  that 
sometimes  the  weights  are  assigned  by  the  instructor  in  the  course.  This 
would  be  a  source  of  unreliability  inasmuch  as  several  instructors  teach  the 
same  subject. 

d.  Administration  of  examinations.— Reports  have  been  made  that  often 

the  instructor  goes  over  the  exact  questfons  to  be  asked  just  before  the 
examination.  Evidence  for  collaboration  among  students  appears  to  be 
plentiful.  •' 

e.  Scoring  of  examinations. — A  very  considerable  number  of  errors  in  scor¬ 

ing  the  examinations  was  noted  in  the  studies  of  reliabilities  made  to  date. 
Rescoring  was  necessary  in  all  cases.1  -  >.  • 

Attempts -to  standardize  training  and  testing. — At  the  same  time 
that  attempts  were  made  to  standardize  all  areas  of  gunnery  train¬ 
ing,  so  that  all  gunners  would  know  how  to  do  their  job  in  the 
same  way,  efforts  were  devoted  to  improving  the  examinations 
used  in  the  gunnery  schools  and  to  making  them  more  uniform. 
Because  the  construction  and  administration  of  examinations  was 
the  responsibility  of  instructors  at  each  school,  first  efforts  in  this 
direction  consisted  of  indoctrinating  instructors  in  the  fundamen¬ 
tals  of  test  construction.  A  manual  entitled  “How  to  Construct  a 
Test”  was  prepared  in  1943  by  personnel  of  the  Psychological 
Research  Detachment  (Gunnery),  and  provided  the  basis  for 
such  indoctrination  in  the  Central  Instructors  School.2  In  this 
manual,  instructors  were  urged  to  take  the  following  factors 
into  account  when  preparing  achievement  tests  for  use  in  their 
courses:  _  - 

1.  The  necessity  of  adequately  reflecting  the  content  of  the 
course  in  each  test,  without  undue  emphasis  being  placed  on  only 
a  few  aspects  of  the  course.  • 


1  This  report  wae  prepared  bjr  MaJ.  Clarence  W;  Drown,  director  o!  Psychological  Research 
Detachment  at  La*  Vega*. 

*Th!»  manual  was  prepared  by  MaJ.  Roger  W.  Ruisell. 
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2.  The  desirability  of  using  objective  type  questions,  in  order 
to  save  time  in  administration  and  scoring,  and  to  make  scoring 
more  standard.  Multiple-choice  questions  were  recommended  as 
being  most  applicable  to  gunnery  subject  matter,  although  the 
use  of  true-false  and  matching  questions  was  discussed  and  recom¬ 
mended  in  certain  cases. 

3.  The  desirability  of  expressing  each  question-  as  clearly,  sim¬ 
ply  and  briefly  as  possible.  . 

Although  these  attempts  at  indoctrination  in  testing  procedures 
were  elementary,  it  was  noted  that  some  instructors  improved  in 
their  ability  to  make  effective  use  of  achievement  tests.  Moat 
instructors,  however,  continued  to  use  tests  simply  to  verify  class¬ 
room  impressions  of  students.  More  attention  was  paid  to  item 
construction  and  validity  than  had  beenirue  in  the  past,  but  little 
more  than  lip-service  was  paid  to  the  proper  technique  and  pro-^ 
cedures  of  standardized  test  administration..  * 

Period  of  centralized  testing. — With  the  gradual  standardiza¬ 
tion  of  course  content  and  training;.procedures,  it  became  possible 
to  prepare  centrally  some  examinations  that  could  be  used  in  all 
schools.  This  was  felt  to  be  desirable  for  two  main  reasons:  such 
examinations  would  serve  to  provide  relatively  standard  measures  ' 
useful  in  standardizing  instruction  and  evaluating  student  achieve¬ 
ment  and  they  could  be  constructed  by  personnel  with  specialized 
testing  experience.  Early  forms  of  a  final  comprehensive  exam¬ 
ination,  embracing  all  course  material  taught  in  basic  gunnery 
schools,  were  prepared  by  personnel  in  Psychological  Research 
•  Unit  No.  11  (Gunnery),  and  were. directed  for  use  in  all  schools. 
There  was  some  resistance  to  the  use  of  such  standardized  exam-' 
inations  at  first,  but  their  use  was  gradually  accepted  and  they 
became  an  integral  part  of  the  training  program;  ;  .  v  i 

Once  standardized  examinations  had  been  developed  for  use  by 
all  schools,  the  indoctrination  of  instructors  and  supervisory  per¬ 
sonnel  in  testing  procedures  shifted  from  an  emphasis  on  the 
techniques  and  principles  of  test  development  to  the  proper  admin-  • 
istration  of  examinations,  and -the  correct  interpretation  of  results. 

A  manual,  “Written  Examinations,"  which  covered  the  pro¬ 
cedures  to  be  used  in  the  administration  and  the  scoring  of  tests, 
the  analysis  of  data,  and  the  reporting  of  results,  was  prepared 
and  distributed  to  the  instructors  at  all  of  the  gunnery  schools. 
The  manual  provided  a  check  list  for  the  test  administrators  and 
proctors  indicating  each  of  the  steps  to  be  accomplished  before 
the  test  was  given,  when  it  was  given,  and  after  the  test  was  over. 

Instructors  became  less  important  in  testing  because  most 
schools  began  to  use  separate  personnel  for  the  administration  and 
scoring  of  tests.  The  Central  School  became  responsible  for  the 
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development  and  revision  of  tests,  the  supervision  of  their  publi¬ 
cation,  the  preparation/  of  directions  for  their  administration  and 
scoring,  the  establishment  of  norms,  and  the  construction  of 
certain  statistical  report  forms.  ' 

Uses  of  Achievement?  Tests  in  Flexible  Gunnery  Program 

During  the  later  period  of  gunnery  training,  the  Final  Compre¬ 
hensive  Examination  provided  the  most  reliable  scores  on  which 
to  base  graduation  and  elimination,  and  this  became  its  rr'xn&ry 
function.  Its  use  for  this  purpose  tended  to  increase  the  motiva¬ 
tion  of  students,  and  also  to  enforce  a  standardized  program  of 
gunnery  instruction. 

The  error  item  analysis  report  form. — In  order  to  make  the 
Final  Comprehensive  Examination  an  instrument  of  standardiza¬ 
tion,  an  "Error Item  Analysis  Report  Form”  was  developed.  This 
form  contained  thfi  information  indicated  by  the  following  head¬ 
ings:  "Item  number,”  "Number  of  students  who  missed  the  ques¬ 
tion,”  "Information  covered  by  the  Item,”  "Where  covered  in  the 
lesson  plan,”  and  "Where  covered  in  Gunners  Information  File.” 
If  the  test  had  more  than  one  comparable  form,  the  question  num¬ 
bers  of  both  forms  were  indicated.  The  description  of  the  in¬ 
formation  covered  by  the  item  was  always  expressed  in  a  gen¬ 
eral  way  with  as  little  as  possible  of  the  actual  item  included. 
The  lesson  plan,  reference  indicated  the  course  hours  during 
which  the  particular  material  was  covered.  The  Gunners  In¬ 
formation  File  reference  indicated  a  page  or.  group  of  pages 
which  covered  the  item  and  related  background  material. 
Technical  Order  references  were  given  when  information  was 
covered  by  the  lesson  plan  but  not  by  the  Gunners  Information 
File.  The  form  was  accomplished  by  the  test  administrators  and 
proctors,  and  the  instructors  were  not  permitted  to  see  the  ex¬ 
amination  at  any  time.  The  completed  forms  were  made  available 
to  instructors  and  to  supervisory  officers.  * 

Once  weaknesses  were  indicated  by  a  relatively  high  frequency 
of  student  errors,  the  instructor  could  refer  to  the  sources  indi¬ 
cated  and  in  this  way  take  corrective’ action  in  his  instruction  to 
subsequent  classes.  The  form  also  tended  to  bring  to  the  atten¬ 
tion  of  supervisory  personnel  the  number  of  students  missing' each 
item  in  the  examination,  and  this  in  turn  provided  a  ready  means 
for  evaluating  the  effectiveness  of  each  instructor  as  well  as  the 
adherence  of  the  department  as  a  whole  to  the  standardized  lesson 
plans.  Copies  of  the  form  were  retained  on  file  at  the  school  for 
reference  by  inspection  personnel  who  were  to  use  it  to  find 
persistent  instructional  weaknesses  for  which  there  was  no  indica¬ 
tion  that  corrective  action  had  been  taken. 
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Other  uses  of  examinations. — The  following  les3er  uses  were 
also  made  of  the  Final  Comprehensive  Examinations  and  of  the 
various  course  examinations  prepared  by  the  psychological  test 
section  of  the  Research  Division:  ■  •  *  • 

1.  (They  were  used  to  provide  periodical  indications  of  instruc¬ 
tional  efficiency  both  within  and  among  departments  and  schools. 

2.  They  were  used  to  provide  scores  showing  relative  scholastic 

standing  of  students.  •  \  - 1 

3.  They  were  used  in  the  selection  of  student  instructors  and 

student  gunnery  officers.  .  .  .  ; 

-*  4.  They  provided  a  criterion  for  the  validation  of  selection  tests.  . 

5.  They  were  used  in  curriculum  evaluation  studies  and  studies 
of  the  relative  effectiveness  of  different  teaching  methods. 

The  effectiveness  of  early  editions  of  the  examinations  was 
limited  by  the  fact  that  some  students  became  familiar  with  • 
questions  beforehand,  sometimes  due  to  coaching  on  the  part  of 
instructors  and  sometimes  due  to  the  circulation  of  questions 
among  the  students.  Attempts  were  made  to  keep  this  leaking 
out  of  information  about  the  examinations  at  a  minimum  by  .. 
classifying  all  examinations  as  confidential,  and  revising  them 
periodically.  •  >  •  •  .  '  ■ 

Summary. — The  development  of  the  achievement  testing  pro- ' 
gram  was  characterized  by  a  general  trend  toward  the  separation  • 
of  the  duties  and  responsibilities  associated  with  testing  from  the'  ■ 
personnel  responsible  for  instruction,  and  the  concomitant  assump¬ 
tion  of  these  duties  and  responsibilities  by  psychologically  trained  • 
personnel.  Personnel  responsible  for  training  were  naive  with  . 
respect  to  testing  and  were  characteristically  individualistic  in 
their  approach.  Receiving  gunners  from  two  or  three  'different 
basic  gunnery  schools  made  it  difficult  for  the  training  and  combat 
air  forces  to  set  up  a  stable  training  program  since  the  gunners 
were  supposedly  trained  for  the  same  job  but  actually  were  trained 
differently.  The  standards  tion  of  testing  which  was  accom-  , 
plished  aided  materially  in  standardizing  training. 

.PROCEDURES  USED  IN  DEVELOPING  ACHIEVEMENT  TESTS 

Introduction  ,  * 

One  of  the  principal  functions  of  the  personnel  in  the  psycho¬ 
logical  tests  section  was  the  development  and  revision  of  achieve¬ 
ment  examinations.  The  Final  Comprehensive  Examination  and 
course  examinations  were  the  principal  achievement  examinations 
developed.  With  the  exception  of  aicimg  .in  motivation,  course 
examinations  were  principally  effective  as  diagnostic;  devices  and 
as  aids  to  more  efficient  learning.  Initially,  these  examinations 
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were  used  rather  extensively  If  not  uniformly,  and  as  a  result 
played  a  relatively  important  part  in  the  training  program.  Later 
on,  the  extent  of  their  use-  dropped  off  considerably.  This  shift  in 
use  was  correlated  with  changes  in  emphasis  in  training  from 
verbalization  to  manipulation  and  motor  skills,  and  with  the  intro-  • 
duction  of  phase  checks  to  measure  proficiency  in  these  skills. 
With  this  rise  in  emphasis  on  the  development  of  skills,  less  and 
less  time  was  devoted  to  lecture  and  the  presentation  of  theoretical 
materials.  As  a  result  the  only  achievement  tests  in  general  use 
in  the  gunnery  program  in  1945  were  the  Final  Comprehensive  Ex¬ 
amination  and  the  Caliber  .50  Nomenclature  and  Part  Function 
Examination,  a  course  examination.  The  bulk  of  the  work  of  the 
test  section  with  respect  to  revising  the  Final  Comprehensive  Ex¬ 
amination  resulted  from  changes  that  occurred  in  gunnery  subject 
matter,  from  the  accumulation  of  item  analysis  data,  and  from  the 
gradual  dissemination  of  information  about  examination  questions 
among  students,  discussed  above. 

The  following  discussion  of  procedures  used  in  the  development 
and  revision  of  achievement  tests  will  be  based  on  work  done  on  the 
Final  Comprehensive  Examination.  Discussion  will  be  oriented 
around  the  selection  of  test  items  and  around  statistical  and  edi¬ 
torial  considerations. 

Selection  of  Teat  Items  ' 

Sampling  considerations. — A  2-hour  period  was  allotted  for 
final  achievement  testing  in  the  basic  gunnery  school  cbxieulum, 
and  it  appeared  that  an.  examination  including  from  135  to  150 
multiple-choice  questions  would  be  most  satisfactory  for  use  dur¬ 
ing  such  a  limited  period.  In  order  to  distribute  items  equitably 
among  the  areas  of  subject  matter,  the  following  factors  were 
taken  into  account:  ’ 

1  The  desirability  of  representing  all  significant  aspects  of  the 
subject  matter  on  the  examination.  This  was  accomplished  and 
checked  by  reference  to  the  detailed  lesson  plans  on  which  each 
course  was  based. 

2.  The  desirability  of  stressing  those  aspects  of  the  subject 
matter  that  were  considered  to  be  most  important,  and  that  stu¬ 
dents  found  most  difficult  to  master.  These  considerations  were 
discussed  and  checked  with  personnel  responsible  for  program 
planning  and  with  individual  instructors. 

3.  The  desirability  of  stressing  those  aspects .  of  the  subject 
matter  about  which  it  was  considered  important  for  the  gunner 
to  be  able  to  verbalize.  These  aspects  were  determined  mainly  by 
the  judgment  of  members  of  the  psychological  test  section. 

Early  forms  of  the  Final  Comprehensive  Examinations  were 


organized  in  terms  of  four  separate  areas  of  subject  matter:  air¬ 
craft  recognition,  sighting,  weapons,  and  turrets.  The  turret 
section  was  composed  of  several  equivalent  parts,  each  part  cov¬ 
ering  one  turret.  The  first  three  sections  of  the  test  were  taken 
by  all  students.  In  the  last  section,  the  students  answered  the 
questions  pertaining  to  the  turret  on  which  they  had  been  trained. 
Later  on,  the  section  on  aircraft  recognition  was  replaced  by  a 
miscellaneous  section  devoted  mostly  to  questions  on  crewmanship. 

Sources  of  test  items. — In  the  development  of  the  origin’al  form 
of  the  Final  Comprehensive  Examination,  and  in  subsequent 
revisions,  questions  were  derived  for  the  most  part  from  the  fol¬ 
lowing  sources: 

1.  Detailed  descriptions  of  course  material  contained  in  lesson 
plans. 

2.  Technical  literature  regarding  gunnery  equipment  and  its 
use  (especially  The  Gunner's  Information  File). 

3.  The  course  examinations  developed  and  used  by  the  individ¬ 
ual  gunnery  schools. 

4.  Suggestions  from  instructors  and  supervisory  personnel  in 
the  individual  gunnery  schools. 

5.  Suggestions  from  members  of  the  psychological  test  section, 

most  of  whom  had  some  gunnery  background. .  *  * 

Statistical  Consideraliona 

-  Introduction. — The  statistical  analyses  of  results  of  administer-- 
ing  the  Final  Comprehensive  Examination  were  concerned  with 
maintaining  a  high  total-test  reliability,  achieving  a  high  degree  / 
of  sub-test  homogeneity,  and  controlling  the  mean  and  dispersion 
of  item  difficulty.  .  *'.*.*  .  ’ 

Analyses  were  based  on  administration  of  an  experimental' or 
a  final  form  of  the  examination  to  representative  classes' of  stu-  . 
dents.  As  classes  consisted  usually  of  around  four  hundred  stu¬ 
dents,  it  was  possible  in  one  administration  to  acquire  suitable, 
samples  of  scores  for  all  except  the  turret  parts  of  the  examina¬ 
tion.  Obtaining  a  sufficient  number  of  answer  sheets  for  each 
turret  part  was  made  difficult  by  the  fact  that  every  class  included 
students  specializing  in  several  different  turi.jfcs,  and  the  number  • 
of  students  specializing  in  each  turret  varie.<  considerably  from 
class  to  class  and  from  school  to  school. 

Discrimination  indexes  of  test  items. — -Internal  consistency  in¬ 
dexes  were  determined  for  each  item  by  use  of  a  chart  prepared 
for  use  in  the  Aviation  Psychology  Program.3  The  discrimina- 


•Thls  chart  was  constructed  by  Cnpt  Frederick  E,  Oavls-  Of.  Davli  P.  B. 


Analysis  Data:  Their  Computation,  Interpretation,  a 
brldgo:  Harvard  Graduate  School  ot  Education,  1046, 


Use  In  Test  Construction. 


Item- 

Cam- 


703326 — 47—8 

/ 
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tion  Index  obtained  by  this  method  varies  from  —100  to  +  100* 
In  general  a  discrimination  index  of  4-20  or  greater  was  used  as 
the  standard  for  acceptance  of  an  item,  but  in  some  instances  fc 
was  necessary  to  retain  items  on  the  basis  of  a  minimum  value  of 
+18.  Items  with  negative  discrimination  indexes  were  dropped. 

The  difficulty  of  test  items. — Consideration  was  given  to  the 
difficulty  of  items  as  well  as  to  their  discriminating  power.  Items 
on  which  it  was  judged  that  too  high  or  too  low  a  proportion  of 
students  made  the  correct  response  were  dropped  from  the  test 

Improvement  ofsiorong  choices. — In  tests  made  up  of  multiple* 
choice  items,  attention  was  given  to  the  improvement  of  wrong 
choices.  Primarily,  this  involved  locating  wrong  alternatives 
which  were  infrequently  chosen.  The  procedure  by  which  alter¬ 
natives  in  need  of  revision  were  identified  was  as  follows:  First 
the  proportion  of  incorrect  responses  to  an  item  was  divided  by 
the  number  of  wrong  alternatives  on  the  item;  second,  the  value 
so  obtained  was  divided  by  2 ;  third,  any  alternative  which  re¬ 
ceived  a  proportion  of  responses  less  than  the  value  so  obtained 
was  selected  for  revision  or  replacement  >  < 

..  *  '  •  •  . 

Editorial  Considerations 

In  reviewing  questions  for  inclusion  in  the  Final  Comprehen¬ 
sive  Examination,  a  check  was  made  to  ensure  that  the  wording 
of  all  questions  was  not  much  above  the  eighth  grade  level  of 
reading  comprehension,  and  that  it  was  as  clear  and  brief  as  possi¬ 
ble.  Each  question  was  also  checked  against  the  current  lesson 
plan  to  make  sure  that  the  point  of  the  question  was  covered  in  the 
course.  Technical  questions  were  checked  by  individuals  familiar 
with  gunnery  equipment,  procedure,  and  training. 

In  general,  questions  were  designed  or  selected  .to  cover  "the  fol¬ 
lowing  abilities  or  areas  of  information :  knowledge  of  facts, 
principles,  and  procedures;  application  of  facts,  principles,  and 
procedures  to  new  or  common  situations;  recognition,  identifica¬ 
tion,  and  location  of  parts;  and  function  of  parts  and  groups  of 
Darts.  . 

After  all  questions  had  been  reviewed  and  approved,  first  drafts 
of  the  examinations  were*  prepared,  including  directions  for  ad¬ 
ministration.  In  most  cases,  copies  cf  the  examination  were  lo¬ 
cally  reproduced  and  tried  out  before  being  printed  for  general 
distribution  to  all  schools.  Later  forms  of  the  Final  Comprehen¬ 
sive  Examination  were  printed  in  loose-leaf  form,  to  permit  the 
inserting  of  revised!  pages  from  time  to  time. 
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DESCRIPTION  OF  FLEXIBLE  GUNNERY  FINAL  • 

COMPREHENSIVE  EXAMINATION  . 

„  « 

Introduction 

The  Flexible  Gunnery  Final  Comprehensive  Examination  went 
through  four  major  stages  of  revision,  the  various  forms  of  the 
examination  being  designated  as  GF-A,  GF-B,  GF-C,  GF-D, 
GF-E,  and  GF-F.  GF-A  and  GF~B  were  comparable  forms; 
GF-E  and  GF-F  were  equivalent  forms.  The  areas  of  subject 
matter  covered  by  all  of  these  forms,  the  sources  of  items,  and  the 
general  format  were  very  similar.  Improvement  occurred  in  the 
sampling  of  subject  matter,  in  the  sensitivity  of  questions,  and  in 
the  physical  appearance  and  usability  of  the  examination  booklets. 
Each  form  consisted  of  about  150  multiple-choice  type  questions 
(five  choices  for  each  question) ,  designed  for  administration  in  a 
2-hour  period,  and  with  a  separate  answer  sheet  which  could  be 
machine  scored.  Scoring  in  all  cases  consisted  of  totaling  the 
number  of  correct  answers.  . 

•  .  a  ,  a 

Forms  GF— A  and  GF— B 

Introduction. — The  first  form  of  the  Final  Comprehensive  Ex¬ 
amination,  designated  as  GF-A,  was  completed  on  6'  June  1943, 
and  was  administered  to  classes  43-26  to  43-32,  inclusive,  at 
Buckingham.  There  was  some  delay  in  its  printing,  which  neces¬ 
sitated  the  local  reproduction,  of  a  temporary  form,'  known  as 
GF-B,  for  administration  to  class  43-25.  This  form  did. not 
include  as  many  pictorial  questions  as  GF-A,  and  was  not  used  ■ 
once  the  latter  form  became  available.  The  following  discussion 
will  be  based  entirely  on  GF-A.4 

Format.  GF-A  consisted  of  4  parts  and  150  questions,  as' 
follows;  , 


Part  I.  Aircraft  recognition - ,-l - 30  questions 

Part  II.  Sighting _ 45  questions 

Part  III.  Weapons _ _ _ 45  questions 

Part  IV.  Turrets _ 30  questions 

Total _ - _ 450  questions  * 


Questions  in  the  turret  part  were  so  worded  as  to 'apply  to  all 
turrets  studied  in  the  B-17,  B-24,  and  B-25  training  programs; 
the  correct  answer  to  each  question  would  vary  according  to  the 
turret  specialty  of  the  student,  necessitating  separate  scoring  keys 
for  each  turret.  •  For  example,  question  No.  121  was  worded  as 
follows;  .  ' 

*  This  test  was  developed  by  S/Sgi.  Marvin  Waldroan,  Lt.  George  J.  Wlschner,  Maf.  Roger 
W.  Russell,  M/Sgt.  Jack  D.  Adams,,  and  Lt.  Arthur  X*  Irion. 
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121.  Your  turret  U  mounted  in  the:  i  *.  | >  :  , 

121-A,  B-24  and  B-25. 

121-B.  B-25.  -  •• 

121-C.  B-29. 

121-D.  B-17B  end  B-17P. 

121-E.  B-24  end  PB2Y. 

This  type  of  question  could  be  used  only  to  cover  characteristics 
that  applied  to  all  turrets.  The  necessity  of  including  alternates 
which  applied  to  all  of  the  different  turrets,  one  of  which  was 
correct  for  each,  conserved  space  but  limited  the  effectiveness  of 
the  questions.  It  was  therefore  decided  to  include  separate  turret 
sections  in  subsequent  forms,  involving  questions  specific  to  par¬ 
ticular  turrets. 

Sources  and  types  of  questions. — Copies  of  available  gunnery 
tests,  course  syllabuses,  technical  orders,  and  manuals  were  studied 
for  materials  which  could  be  used  for  questions  GP-A.  The  test 
consisted  principally  of  questions  that  involved  verbalizations 
about  gunnery  theory,  equipment,  and  procedures.  A  smaller 
number  of  questions  included  pictures, .  about  which  the  student 
was  required  to  identify  something.  A  few  questions  were  based 
on  diagrams.  A  breakdown  of  the  test  in  terni3  of  each  of  these 
three  types  ofquestions  is  included  in  table  7.9. 

Statistical  data. — The  distribution  constants  and  reliabilities  of 
GF-A,  based  on  administration  to  seven  classes,  are  presented  in 
table  7.1.  . 


Table  7.1. — Reliabilities  and  distribution  constants  for  GF-A  total  and  part 
scores  in  various  classes  (Buckingham,  June- July  1943)1 


CU‘S  42-26  (N=308) 

Class  43-27  (N=324> 

Class  43-28  (N=292) 

X 

8D 

t 

X 

SD 

.  r 

X 

8D 

t' 

Aircraft  recognition — 

Sighting - 

Weapons - 

Turrets _ _ _ _ 

Total  * - 

17.9# 

23.36 

27.89 

22.68 

63.67 

3.66 

6.17; 

6.06 

2.83 

13.27 

0.46 

.68 

.67 

.31 

.83 

20.40 

29.81 

30.79 

24.21 

105.20 

3.18 

6.05 

4.60 

2.09 

11.14 

0.36 

.61 

.62 

.00 

.75 

18.48 

25.29 

28.45 

23.63 

96.87 

3.83 

5.62 

6.30 

2.96 

14.04 

0.62 

.#5 

.63 

.43 

.82 

i  All  reliabilities  computed  by  Kuder-Ulchardson  Formula  No.  21. 

*  Additional  reliabilities  and  distribution  constants  for  total  scores  are' as  follows: 


Class 

N 

X 

SD 

T 

43-29  _ 

301 

100.38 

12.51 

0.79 

43-30 

354 

103.95 

12.41 

.79 

43-31 _ 

303 

98.96 

12.58 

.#7 

43-32  - 

395 

100.90 

12.88 

.78 

Form  GF— C  * 

i 

Introduction. — GF-C  was  the  first  form  of  the  Final  Compre¬ 
hensive  Examination  to  be  distributed  to  all  of  the  gunnery 
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schools  for  their  use  in  determining  the  graduation  and  elimina¬ 
tion  of  students.  It  was  printed  in  September,  1943,  and  was 
used  until  April,  1944.  It  contained  many  revisions  of  GF-A, 
based  mostly  on  changes  that  had  taken  place  in  lesson  plans  and 
course  content.  Some  technical  errors,  and  printing  errors  that 


had  been  found  in  GF-A  were  also  corrected.*  . 

Format. — GF-C  included  the  following  parts  and  numbers  of 
questions: 

Part  I.  Aircraft  recognition _ 25  question! 

Part  II.  Sighting _ _ _ „ _ , _ 25  questions 

Part  III.  Weapons- _ _L _ _ _ 50  questions 

Part  IV.  Miscellaneous _ i, _ _ 10  questions 

Part  V.  Turrets - 40  questions 

Total- - 150  questions 


There  were  five  separate  turret  sections  in  the  examination 
booklet,  each  one  including  twenty  questions.  Students  selected 
one  of  these  sections,  according  to  their  turret  specialty.  There 
was  one  general  turret  section,  which  all  students  took,  also  includ¬ 
ing  twenty  questions. 

Sources  and  types  of  questions. — Many.'of  the  questions  in  GF-C 
were  taken  from  GF-A.  It  was  necessary  to  construct  new’ 
questions  for  the  specialized  turret  sections;  and  these  were  ob¬ 
tained  mainly  from  other  testa,  from  training  manuals,  and  from 
instructors.  - 

Almost  half  of  the  questions  in  GF-C  were  pictorial,  about  one- 
third  were  verbal,  and  the  remaining  one-sixth  were  diagram-  * 
matic.  Most  of  the  pictorial  questions  were  included  in  the  parts, 
on  weapons  and  aircraft  recognition,  although  the  part  on  sighting 
also  included  quite  a  few. .  The  increased  use  of  pictures  in  the 
test  was  due  largely  to  a  change  of  emphasis  occurring  in  the 
training  program.  Nomenclature  was  no  longer  stressedln  les¬ 
son  plans;  gunners  were  required  to  be  able  to  work  wifc?>  their 
equipment,  but  were  not  required  to  be  able  to  discuss  it. .  . 

Statistical  data. — Distribution  constants  and  reliabilities  for 
GF-C  arc  presented  in  table  7.2.  It  can  be  seen  from  these  data 
that  the  test  had  a  fairly  satisfactory  reliability  (0.79),  and  that 
there  waS  considerable  consistency  in  the  mean  scores  as  obtained 
from  the  different  schools,  and  also  from  class  to  class  within  a 
school. 

Table  7.3  states  the  intercorrelations  of  parts  of  the  test,  and 
the  reliabilities  and  distribution  constants  of  the  parts  and  of  the 
total  test.  All  of  these  correlations  are  significant  and  positive. 


*S/Sgt.  Marvin  Waidman  was  primarily  responsible  '-it  supervising  the  development  ot 
this  teat 
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Table  7.2. — Reliabilities  and  attribution  conetante  of  GF-C  total  teore  in 
varioue  clatttt  at  Harlingen  and  Laredo  (Oetober-November  1943) 


43-43 _ 


43-48 _ 


43-17- - : — 


(Harlingen _ 

(Laredo _ 

(  Harlingen _ 

(Laredo _ 

( Harlingen _ 

(Laredo - 

(Harlingen _ 

(  Laredo _ 

Laredo _ 


Total:  43-39  through  43-47.  Laredo. 


123.00 

114.93 

119.20 

112.27' 

118.78 

113.10 

123.84. 

117.84 

118.00 

114.35 


*  Reliabilities  computed  by  Kuder-Rlchardson  Formula  No.  21. .  The  number  ot  Items  In 
GF-C  la  150.  .  .  .. 

Form  GF-D ,  ,  .  i.  •••• 

Introduction.— Form  D,of  the  Filial  Comprehensive  Examina¬ 
tion  was  developed  after  GF-C  had  been  in  use  in  the  gunnery 
schools  about  eight  months.  It  was  first  administered  in  all  the 
gunnery  schools  in  April  1944.  The  most  important,  difference 
between  it  and  GF-G  was  that  it  emphasized  even  more  the  ele-' 
ments  of  recognition  of  essential  features  of  equipment  rather 
than  verbalization  about  the  equipment.*  ' 2  : 

Format. — GF-D  consisted  of  the  following  parts  and  numbers 

of  questions:  *  5  ‘  '  ,J- '  ' 

•  ’  •  *..*/•  ■'  1  -•  ■  .  .  . . 

Part  I.  Aircraft  recognition _ _ _ 24  questions  . 

Part  II.  Sighting. _ 29  questions 

Part  III.  Weapons _ 50  questions 

Part  IV.  Miscellaneous... _  7  questions' 

Part  V.  Turrets  (5  separate  sections) _ J _ 40  questions 

Total - . - 150  questions 

Part  V  of  GF-D  included  one  section  of  10  questions  applicable 
to  all  turrets,  and  separate  sections  for  specific  turrets,  made  up  of 
30  questions  each. 

Source  and  types  of  questions. — Sources  for  questions  in  GF-D 
were  the  same  as  for  previous  forms  of  the  Final  Comprehensive. 
Revisions  were  made  necessary  primarily  because  of  the  technical 
changes  that  had  been  made  in  equipment.  More  diagrammatic 
questions  were  used  in  this  form  than  strictly  verbal  questions, 


*  CnpL  Alfred  C.  Jensen,  8/Sgt.  Marvin  Waldman,  8/Sgt  Robert  J.  Ellingson,  and  CpI. 
Waller  Cobcn  were  primarily  responsible  for  tbe  development  of  this  test. 
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which  was  in  accord  with  the  decrease  in  emphasis  on  the  gun¬ 
ner’s  ability  to  verbalize  about  his  job,  ‘  I  ,) 

Statistical  data. — Table  7.4  presents  the  reliabilities  of  parts  of 
GF-D  and  of  the  test  as  a  whole.  All  coefficients  were  satisfac¬ 
tory  with  the  exception  of  the  one  for  the  Bendix  turret  section. 
Table  7.5  indicates  the  consistency  of  the  distribution  constants 
and  reliability  coefficients  as  obtained  from  administration  of  the 
test  to  the  various  gunnery  schools.  The  most  reliable  results , 
were  obtained  for  the  weapons  section.  ■  • 

*  '  *•  '  . 

TABUS  7.3. — Intereorretations,  reliabilities  and  distribution  constants  of  parts 
of  GF~C,  class  43-44,  Las  Vegas  (N-509)  and  class  43-4£,  Buckingham 
(N—5S1,  October  1943) 


• 

Num- 

Part 

U> 

80  V 

n  rt 

Pm* 

ber  of 
Items 

1 

’  2 

,8 

4 

25 

V 

c 

1  *.  ■; 

0.37 

0.22 

0.20 

24.14 

2.81 

0.40 

Buckingham 

.40 

.20 

.28 

23.71 

2.91 

*41 

25 

'  . 

.  /  . 

. 

f 

_ 

-  0.37 

1  r 

.40 

.31 

37.68: 

3.65 

» » ..,51 
H  '.49 

.40 

.04 

.38 

30.81 

3.89 

l  *  ~ 

'so 

!  • 

- 

%  *  f  *  * 

!*' 

Jffi'  ’ 

.22 

.40' 

.24 

30.80 

2.26 

•  .27 

:■  ‘llo 

.20 

.34 

.41 

31.10 

2.41 

40 

, 

.. 

» 

i  * 

* 

i 

.20 

.31 

.24 

_  . 

34.39 

8.76 

,  .66 

?  *  .85 

.28 

.38 

.41 

-- 

;  33.74 

2.84 

160 

x  t 

*  « 

fit'-.* 

Total  - - 

— — - — 

127.00 , 

8.63 

•  -25 

126.10 

8.55: 

•.  .7* 

- 

'**  .11 

r  i 

1  Reliabilities  and  distribution  constants  based  on  530  cases  at JLaa  Vcgaa-and  518  CMOS 
at  Buckingham.  All  reliabilities  computed  by  Kuder-Kichardaon  Formula  No, n, 
answer  sheets  from  the  classes  Indicated.  Intercorrelatlons  are  based  on  answer  .sheets  , 
with  no  omits  or  nonreada. 


Forms  GF— E  aiid  OF— F 


H  .5  nr" 
i  :IS' 


Introduction. — Three  different  examinations  were  developed  in 
this  series  to  meet  the  needs  of  the  different  training  programs. 
All  of  these  examinations  were  produced  in  two  alternate  forms. 
Form  GF-F  included  the  same  questions  as  GF-E,  but  items' weie 

arranged  in  a  different  order.  • 

The  revision  of  the  GF-D  was  made  necessary  by  the  many 
changes  that  had  occurred  in  the  locally  controlled  gunnery  equip¬ 
ment  and  course  content.  Some  of  the  schools  having  reported 
difficulties  in  administering  GF-D  m  a  2-hour  period,  it  was 
planned  to  include  fewer  questions  in  GF-E  and  GF-F  and  to  set 
the  testing  time  at  1  hour  and  50  min  -tes.  The  use  of  both  of 
these  forms  in  the  basic  gunnery  school.*  was  initiated  in  Noveiri- 
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ber  1944,  and  continued  until  the  close  of  the  war  in  all  of  the 
B-17,  B-24,  B-25,  and  B-26  programs. T 

Table  7.4. — Reliabilities  and  distribution  constants  for  GF—D  total  and  part 
scores  based  on.  combined  data  from  various  gunnery  schools  (July 'August 
1941)' 


N 

Number 
ot  Items 

4,250 

24 

4,250 

29 

4,250 

50 

4,250 

T 

250 

40 

500 

40 

1,250 

40 

1,250 

40 

600 

40 

4,250 

150 

*  Data  on  reltnbllUtei  and  dlitrlbntlon  Constanta  (nr  parts  ot  GF-D  tor  each  gunnery 
school  aro  presented  separately  In  table  7.6.  All  reliabilities  computed  by  Kuder-Rlcb- 
ardson  Formula  Not.  SL. 


The  use  of  the  A-26  and  B-29  aircraft  demanded  new  gunnery 
training  programs  which  differed  considerably  from  all  previous 
programs.  Two  new  final  comprehensive  examinations  were  de¬ 
veloped  for  these  training  programs.  The  A-26  examination  was 
printed  and  distributed  to  Tyndall  for  use  in  February  1945,  and 
the  B-29  examination  was  distributed  to  Buckingham,  Harlingen,  '  . 
and  Las  Vegas  in  May,  1945.8  Both  of  these  examinations  were 
used  until  the  close  of  the  war.  :  - 

Format — GF-E  and  GF-F  for  B-17,  B-24,  B-25,  and  B-26 
aircraft  consisted  of  the  following  parts  and  numbers  of  ques¬ 
tions:  • 


Part  I.  Sighting - - - - - 30  question* 

Part  II.  Weapon* _ 1 _ _ _ 45  questions 

Part  III.  Crewmanship - 30  questions 

Part  IV.  Turrets  (7  separate  sections) _ 30  questions 

Total _ _ _ _ _ 135  questions  t 

.  ■  ■  .  i  . 


'  Capt-  Lawrence  M.  Stolurow,  Capt,  Kenneth  B.  Hendersor,  Sgt  Herbert  W.  Golditrom, 
Sgt.  Paul  Freemen,  and  Cpl.  William  C.  Mooney  were  responsible  tor  the  development  ot  this 
tcet- 

•  Capt  Lawrence  M.  Stolurow,  CapL  Kenneth  B.  Henderson,  Lt,  John  G.  O’Hare,  S/Sgt. 
Lee  A.  Carey,  Sgt.  Herbert  W.  Goldstrom,  Sgt.  Seymour  Kern,  s.nd  Cpl.  William  C.  Mooney 
were  responsible  tor  the  development  ot  these  tests. 
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Ta»L*  7.ls—R«liabilitie»  and  distribution  constants,  for  GF~D  part  scores  at 
various  gunnery  schools  (July-August  19JU)1 


Alrcmft  recognition  (24  i 

riucklngbsm - : - - 

Harlingen - 


K 

l, 

V 


Las  v«u 


Bendlx  turret  (40  Items) 

Uii^VInshsm 

• 

Consolidated  (40  Items)  : 

_ _ 

_ 

8perry  upper  turret  (40 

Items) 

Kingman - - 

- _ 

N 

M 

8D 

S00 

18.76 

3.11 

T50 

18.09 

3.B8 

600 

15.50 

3.04  f 

1,000' 

17.12 

4.16 

BOO 

18.78 

3.23 

500 

17.93 

3.32 

BOO 

18.69 

2.92 

BOO 

19.13 

3.46, 

760 

17.94 

4,20'  . 

500 

14.91 

3.92 

1,000 

17.31 

4.12 

BOO 

15.33 

3.43  J 

BOO 

17.37 

3.92 

600 

17.28 

3.56 

BOO 

38.08 

5.73> 

760 

37.34  < 

5.90 

600 

32.83 

5.93 

1,000 

36.57 

6.39 

600 

37.04 

6.03 

600 

33.82 

6.01 

600 

34.78 

6.07 

260 

34.12 

2.61 

250 

35.18 

4.73 

250 

34.55 

3.18 

250 

33.59 

3.66 

260 

33.72 

3.32 

250 

28.51 

3.18 

260 

35.58 

2.95 

250 

33.03 

4.50 

250 

35.02 

3.47 

250 

31.77 

5.07 

250 

33.42 

3.71 

250 

250 

34.12 

33.19 

3.78 
3.24  ‘ 

250 

26.24 

5.37 

250 

29.28 

.4.05  ] 

250 

'  30.16 

4.24 

Sperry  lower  turret  (40  items) 
Kingman.. 

Las  Vegas 
Turns 


»A1I  reliabilities  computed  by  Kuder-Klcharfson  Formula  No.  ■  •  ■/.. 

GP-E  and.  GF-F  for  A-26  aircraft  consisted  of  the  following 
parts  and  numbers  of  questions: 

'  Part  I.  Weapons - - - 45  qUeSti0n'‘ 

Part  II.  Aerial  gunnery  problems  and  sighting _ 40  questions 

Part  III.  Emergency'procedures  and  equipment - o^ulKSni 

Total  *  _ - _ 135  questions 

GF-E  and  GF-F  for  B-29  aircraft  consisted  of  the  following 
parts  and  numbers  of  questions : 

Part  I  Weapons- _ _ ... — - —  *15  questions 

Part  II.  Emergency  procedures  and  interphone - 30 questions 

Part  III.  Aerial  gunnery  problems - 30  questions 


assc”' 


|j  PartlV.  Sighting  stations  {4  separata  sections) _ _ 45  questions 

s  ;  General  questions _ _ _ _ _ _ _  20 

Specific  questions _ _ _ 25 

Total - — - - - - 150  questions  ' 


Source  and  type  of  questions. — The  sources  and  types  of  ques¬ 
tions  for  all  of  the  GF-E  and  GF-F  examinations  were  approxi¬ 
mately  the  same  as  for  previous  forms.  Use  was  made  of  many 
of  the  pictures  in  the  Gunners  Information  File,  which  had  be- 
t  come  an  established  textbook  in  the  gunnery  schools. 

Statistical  data . — An  experimental  form  of  the  GF-E  for  the 
locally  controlled  turret  gunners,  designated  GF-EE,  was  first 
prepared  and  administered  at  six  of  the  gunnery  schools  for  the 
purpose  of  obtaining  data  on  the  basis  of  which  refinements  could 
be  made  to  many  of  the  new  questions.  Data  obtained  in  the 
administration  of  this  form  of  the  test  are  presented  in  table  7.6. 


Table  7.6. — Estimate*  of  the  reliability  of  the  parts  and  total. scores  of  the 
experimental  edition  of  the  final  comprehensive  examination  (form  GF-EE, 
six  schools,  September-October  1S44)1  ^ 


Number  of 
Itoms 

N 

Port  r 

IB 

1,750 

0.71 

SO 

l'75S 

.57 

45 

1,756 

.76 

80 

1,766 

.60 

SO 

•325 

.27 

SO 

«  50 

.28 

SO 

*250 

.86 

30 

•  300 

.84 

30 

•250 

.85 

SO 

*  550. 

.88 

SO 

*325 

.75 

Total  r* 


Aircraft  recognition _ _ 

Sighting - 

Weapon* _ i _ 

Crcwmanship _ 

Bendlx  chin  turret.. _ _ 

Ilcrullx  upper  turret. _ _ 

Emerson  nogs  turret _ 

Martin  turret - 

Motor  product*  turret.... 

Sperry  ball  turret - 

Sperry  upper  turret - 


1  Kuder-RIchardson  Formula  No:  21  used. 

'Total  score  for  each  gunner  included  score*  on  aircraft  recognition,  lighting,  weapon*, 
crewmanshlp,  and  one  of.  the  turret  section*. 

'These  N’a  are  estimated  on  the  basis  of  proportion*  of  students  studying  etch  type  of 
turret.  • 


Data  obtained  from  administration  of  GF-E  and  GF-F,  for 
locally  controlled  turrets,  as  finally  constructed  are  presented  in 
table  7.7.  Distribution  constants  and  reliabilities  for  the  B-29 
version  are  presented  in  table  7.8.  1  ' 

•  •  ■  .  .  ...  *  /. 

Summary  .  * 

1  -  \  * 

The  Final  Comprehensive  Examination  went  through  four  re¬ 
visions,  all  of  which  were  necessitated  by  changes  in  the  curricu¬ 
lum,  the  equipment, , and  by  statistical  considerations  of  test  re¬ 
liability,  item  difficulty,  and  item  discriminations.  The  changes 


» 

'Table  1  .l.—Int*rcorrelationt  of  lighting,  weapons,  crevmanship  and  total 
scores  with  all  part  scores  on  GF-E  and  GF-F,  and  reliabilities  of  part  and 
total  scores,  all  schools  (March-May  1945 ) 


Part** 


1.  Sighting - 

2.  Weapon* _ 

3.  CrewraanshSp. 


4.  Emerson  nose.. 

Turret _ 

5.  Motor  product*. 

Tail-turret _ 


6.  Bendlx _ 

Chin  turret — 


7.  Sperry - 

Upper  turret — 


8.  Sperry  hall _ 

(Retractable) — 

8.  Sperry  Ball _ 

(Non-retract.)— 

10.  Martin _ 

Upper  turret - 


li;  Total - 

Score _ 


T*at 

N 

Parts 

ToUl 

B 

fl 

r* 

1 

t-  - 

r 

(OF-B 

1,121 

0.60 

0.46 

0.80 

17.84 

4.90 

0.72 

lOF-F 

980 

— 

.54 

.43 

*.81 

17.63 

4.31 

'  -T1 

(OF-B 

1,121 

.60 

.54 

.  .54 

.88 

31.98 

6.58 

■  .so 

lOF-F 

960 

.64 

.45 

*86 

32.72 

5.86 

.76 

f  OF-B 

1,121 

.48 

.54 

.72 

21.62 

3.44 

.51 

l  OF-F 

960 

.43 

.45 

- : — 

*.69 

20.80 

8.26 

.  .48 

OF-B 

126 

.69 

.60 

.59 

.82 

21.18 

8.62 

M 

OF-F 

137 

.62 

.54 

.39 

.77 

21.75 

3.54 

.51 

QF-B 

126 

.44 

.37 

.34 

.89 

27,00 

5.32 

.80 

OF-F 

130 

.58 

.51 

.38 

.75 

22.86 

3.78 

.63 

OF-B 

239 

.42; 

.51 

.36 

.72 

21.33 

'  3.01 

'  .33 

OF-F 

51 

.59 

.50 

.47 

.81 

19.31 

4.62 

.70- 

OF-B 

149 

.37 

.43 

.23 

.66 

23.16 

8.39 

JS6 

OF-F 

61 

.48 

.36 

.38 

.66 

,21,00 

8.00 

.81 

OF-B 

77 

.47 

.62 

.49 

.81 

20.22 

4.80 

‘.74 

QF-F 

80 

.58 

.  .66 

.39 

.82 

19.79 

4.00 

.  .00-  ■ 

OF-B 

150 

.45 

.53 

.47 

.75 

20.05 

3.69 

.58 

OF-F 

SO 

.48 

.42 

.43 

.71 

20.72 

3.46 

.47 

GF-B 

183 

.32 

.45 

.25 

.67 

22.88 

3.38 

.54 

QF-F 

218 

.40 

.39 

.26 

.70 

22.30 

3.41 

OF-B 

1,121 

.80 

.88 

.72 

93.27 

16.20 

.88 

OF-F 

822 

.81 

.86 

.69 

BBB 

93.50 

14.37 

.87 

x  All  parts  conalsted  of  30  Item*  each,  except  weapon*  which  comlsted  of  45  Item* ;  total 
teat  consisted  of  135  item*. 

»  Reliabilities  computed  by  Kuder-RIchardeon  Formula  No.  21.  * 

»  Correlations  of  OF-F  total  score*  with  Sighting,  Weapons,  and  Crewmanshlp  based  on 
822  case*.  *  ' 

>  •  ■  *  •  .  * 

in  emphasis  in  training  which  occurred  are  reflected  in  the  relative, 
number  of  pictorial,  diagrammatic,  and  verbal  items  that  are  used 
in  the  different  forms  ^of  the  test  (see  table  7.9)  and  in  the  spe- 
cific  material  covered  by  the  examination  questions.  The  different 
forms  of  the  Final  Comprehensive  Examination  were  all  reliable 
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Tabus  7.8. — Distribution  eon*tant*  and  ettimate*  of  reliability  of  part*  of 
B-t9  edition  of  GF-E  (Buckingham,  July  1HS) 


text 

Number 
of  Items 

N 

M 

80 

r‘ 

Weapon _ 

.45 

431 

34.94 

8.47 

0.74 

Emergency  procedure  end  .Interphone.. 

.SO 

400 

23.94 

2.50 

.28 

Gunnery  problem* _ _ _ 

.30 

400 

24.77 

3.08 

.54 

Turret-biater _ , _ _ 

.45 

200> 

37.15 

8.79 

.56 

Turret-tell _ 

.45 

100 

35.78 

3.64 

.44 

Turret-ring  _ 

.4?' 

100 

40.23 

2,99 

.54 

.  Turrct-no** - - - 

.4V 

100 

38.38 

3.27 

.43 

1  Kuder-Rlchardeon  Formula  No.  SI. 


enough  to  provide  relatively  stable  measures  of  performance  in 
gunnery  school.  They  served  as  the  most  important  determiners 
of  graduation  and  elimination.  The  establishment  of  a  Final 
Comprehensive  Examination  which  was  standard  in  all  schools 
was  considered  to  have  done  much  to  improve  training  and  to 
increase  its  consistency  from  school  to  school  and  from  class  to 
class.  .  * 


TABLE  7.9. — Type*  of  item*  and  number  used  in  each  part  of  each  form  of  the 
flexible  gunnery  school  final  comprehensive  examination  f 


- 

Form  of  teat 

• 

GF-A 

Items 

GF-C 

Items 

OF-D 

items 

GF-KAF 

Items 

Aircraft  recognition: 

Pictorial—  ; 

30 

12 

20 

Diagrammatic.  _ ' _ 

0 

1 

4 

*'  *  * 

Verbal..  _ 

0 

12 

0 

Total _ -  .  . 

30 

25 

24 

Sighting: 

Pictorial _  _ _ _ 

g 

12 

11 

9 

9 

’25  "  \ 

0 

5  , 

Diagrammatic _ 

Verbal  .  _  .  _  . 

5 

32  *  - 

8 

5 

Total..  ....  ..  ... 

45 

25 

29 

90 

Weapon*: 

Pictorial  ....  .  .  ..  . 

0 

47 

38 

2 

10 

88 

1 

11 

Diagrammatic _ 

Verbal  _  _ _ _ 

0 

45 

0 

3 

45 

50  ' 

50 

45 

...  .  .  r  . 

Miscellaneous: 

Pictorial _  _ _ _ _ _ 

0 

0 

Diagrammatic.  ._  .. 

0 

o 

Verbal.  . . 

IP 

7 

Tout _  _ _ 

10 

7 

- 

-- 

Crewmanshlp: 

f 

o 

V*r6*l _ ™  ^ 

23 

Total _  _ _ _ 

. 

30 

— rr: - - 
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Table  7.9. — Types  of  items  and  number  used  in  each  part  of  each  form  of  the 
flexible  gunnery  school  final  comprehensive  examination — continued 


; 

Perm  o t  tent 

or-A 

Items 

or-c 

Items 

or-D , 

Items 

or-n  *  r 

Items 

Turrets:  ( 

\  . 

Pictorial _ _ 

0 

0 

0 

114 

o 

19 

so 

0 

piagrsmmatle.  .  . 

so 

21 

10 

*10 

Total—  _ 

30 

40 

40 

SO 

•fetal: 

Pictorial . 

3S 

71 

08 

74 

niarrammatlft...  .  _ 

B 

28 

45 

1 

Verbal . 

107 

51 

SO 

40 

1 

150 

150 

150 

135 

j 

- 

‘This  Is  an  average  value  based  on  seven  different  turret  sections. 


S 
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'  INTRODUCTION  .  .  \  1 

*  •  '  *■  « 

Nature  of  Phase  Checks 

•'.  «  <  *  '  <  ' 

The  phase  checks  used  in  the  flexible  gunnery  program  repre-  ' 
sented  a  type  of  performance  test  that  was  found  to  be  effective  , 
in  training  and  testing  gunners  on  the  care  and  use  of  their  equip* 
merit.  Although  phase  checks  had  some  precedent  in  the  history 
of  performance  testing,  their  format  and,  the  procedures  for  their 
administration  and  scoring  developed  as  the  result  of  a  series  of 
specific  solutions  to  immediate,  practical  testing  and  training', 
problems  in  gunnery. 

Origin  of  phase  checks . — Phase  checks  grew  out  of  a  need  for  a 

dependable  test  of  the  gunner's  ability  to  operate  and  care  for  his 

equipment  The  ultimate  responsibility  of  every  gunner  was  to  - 

be  able  to  aim  and  shoot  effectively  at  attacking  enemy  fighter 

planes,  but  the  bulk  of  his  work,  in  terms  of  time  and  energy 

consumed,  consisted  of  maintaining  and  readying  for  use  the  com-  ' 

plex  tools  of  his  trade— his  guns,  sight,  and^turret 

Written  tests  were  prepared  early  in  the  program  which  meas-  / 

ured  -with  satisfactory  accuracy  how  much  the  gunner  knew  „ 

about  his  equipment  (see  chapter  7).  'The  disturbing  problem  - 

was  that  it  was  not  so  important  for  the  gunner  to  “know”  things 

about  his  equipment  as  to  be  able  to  “do”  things  with  it  There 

was  no  guarantee  that  the  individuals* who  scored  high  on  a  writ- 

•  - 

^ *  *  * 
i  Phase  check*  were  developed  hr  *  group  of  officer*  and  enlisted  men  working  over  a 
period  of  three  year*.  These  chbfly  responsible  were  C*pL  Lawrence  M.  Stolurow,  Capt 
.John  A.  Valentine.  Capt.  Wilbur  S.  Gregory,  Lt  Gerald  R.  Pascal,  Lt  John  O.  O'Hara, 
T/Sgt  Robert  W.  Rech,  S/Sgt  Robert  Ellington;  S/Sgt.  Robert  Q.  Balnh?ldge,  S/Sgt  Lea 
A.  Carey,  S/Sgt  M*rvln  Waldman,  Sgt  Cyril  A.  Bahl,  Sgt  Jack  T.  Huber,  Sgt  Seymour 
Kern,  Cpl,  Philip  M.  Brown,  Cpl.  Robert  H.  Hubbell,  Cpl.  'John  H.  Llcktelg,  Cpl.  William 
C.  Mooney,  and  Pfc.  Robert  Wllinskl.  Technical  awistance  was  given  by  a  number  of  * 
gunnery  expert*..  • 
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ten  examination  on  the  caliber  .50  machine  gun  could  strip  and 
assemble  or  make  adjustments  on  the  weapon  with  greater  com¬ 
petence  than  those  who  scored  low.  What  was  called  for  was  a 
test  of  doinf,  rather  than  of  knowing;  ■* ! '  *  i '  ■  ;;  ;  > 

The  first  attempts  at  a  test  of  doing  consisted  of  recording  a 
list  of  steps  required  of  the  gunner  in  the  performance  of  some 
limited  aspect  of  his  job.  He  would  then  be  asked  to  do  this 
part  of  the  job,  while  the  instructor  stood  by  attentively,  marking 
him  either  right  or  -wrong  on  each  step.  A/score  was  obtained  by 
totaling  the  number  of  steps  on  which  the  gunner  was  marked 
wrong.  Early  forms  of  the  phase  checks  on  stripping  and  as¬ 
sembly  of  the  caliber  .50  machine  gun  consisted  of  just  such  simple 
lists- of  steps.  *  •  -  *  .  ■  ~ 

Later  modification  of  phase  checks . — Phase  checks  were  origi¬ 
nally  conceived  as  measuring  proficiency,  in  one  of  the  successive’ 
phases  of  gunnery  training.  As  a  student  completed  a  certain 
part  of  his  instruction,  for  example  on  the  loading  of  ammunition 
into  his  turret,  he  would  be  given  a  “check”  on  that  “phase” 
alone.  The  name  “phase  check”  wa3  thus  a  literal  description  of 
the  instruments  function  as  used  at  that  time.  Gradually,  how¬ 
ever,  the  checks  embraced  more  of  the  gunner’s  job.  This  ten¬ 
dency  was  in  accord  with  the  growing  emphasis  on  training  gun¬ 
ners  to  see  the  whole  nature  of  their  job,  rather  than  on  giving 
them  instruction  and  practice  in  a  variety  of  specific  skills  and 
di  ties  and  expecting  them  to  grasp  the  over-all  implications.  In 
the  closing  months  of  the  war  some  phase  checks  included  all  pro¬ 
cedures  pertinent  to  the  care  and  use  of  equipment,  and  were  so 
organized  for  administration  as  to  simulate  closely  the  sequence 
of  activities,  Other  than  actual  aiming  and  firing,  engaged  in 
before,  during,  and  after  a  combat  mission.  An  effort  was  made 
to  rename  these  later  tests  “proficiency  checks,”  but  the  phrases 
“phase  check,”  “phase  checker,”  and  “phase  checking,”  were  by 
then  an  accepted  part  of  gunnery  vocabulary  and  remained  so. 
Originally  denoting  simple,  periodic  checks  of  the  gunner’s  ability 
to  master  phases  of  his  training,  phase  checks  eventually  became 
extensive  measures  of  his  over-all  proficiency  in  maintaining  his 
equipment  and  preparing  it  for  combat  use. 

The  dual  function  of  phase  checks.— From  the  first  days  of  .phase 
checking  it  was  recognized  that  these  instruments  which  were  so 
effective  in  testing  what  .gunners  could  do  with  their  equipment  ’ 
were  also  useful  in  training  gunners.  In  requiring  students  to 
perform  each  step  of  a  total  job  in  the  correct  manner,  phase 
checks  provided  the  best  possible  application  of  the  “learn  by  do¬ 
ing”  principle,,  and  therefore  formed  a  basis  for  all  ground  train¬ 
ing  in  the  care  and  preparation  of  gunnery  equipment. 
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Example  of  »  Phase  Check 

In  order  to  make  the  discussion  that  follows  more  meaningful 
to  the  reader,  the  following  section  from  the  most  widely  used 
flexible  gunnery  phase  check,  that  on  the  stripping  and  assembly 
of  the  caliber  .50  machine  gun,  is  reproduced  here.  Reading  these 
brief  instructions  to  the  phase  checker,  and  the  items  that  follow, 
will  iclarify. such  phrases  as  phase  check  ‘'step,”  "error,” ^'perform¬ 
ance,’'  and  "procedure,”  which  occur  frequently  in  the  chapter.  . 

f'ielZ  strip  and  assembly. — Fill  in,  or  have  the  gunner  fill  in;  his 
name,  u  -,d,  weapons  instructor,  the  date,  etc.,  in  the  appropriate 
spaces  on  the  Score  Sheet.  Blindfold  the  gunner  and  check  to 
see  that  the  blindfold,  is  secure  and  the  gunner  can  see  nothing. 
Then  help  him  put  on  his  winter  flying  gloves.  Observe  the  gun¬ 
ner  to  see  if  he  is  unusually  nervous  or  ill-at-ease.  Do  anything  - 
possible  to  put  him  at  ease  before  starting  him  on  the  phase  check. 
Tell  the  gunner:  "field  strip  your  gum  No  adjustments  will  be 
necessary.”  As  he  starts,  put  down,  the  exact  time  he  begins  in 
the- space  provided  for  that  purpose  on  the  Score  Sheet.  Watch 
to  see  that  he:  .  !\‘.  '  * 

(1)  Raises  cover  and  checks  feedway. 

(2)  Charges  gun  twice  properly,  making  sure  cover  is 

closed.  (Mark  an  error  if  cover  is  left  up.) 

(3)  Makes  sure  parts  are  in  battery  position  before  re¬ 

moving  backplate. 

(4)  Removes  the  backplate.  (Mark  an  error  if  he  fails* to' 

remove  the  driving  spring  rod  assembly  completely  / 
from  the  bolt  group  before  removing  the  bolt  group.) 

(5)  Removes  the  bolt  stud,  and  removes  the  bolt  group. 

(6)  Rotates  cocking  lever  to  the  rear.  *  (Mark  an  error  if 

he  depresses  sear  before  doing  this.)  *  ' 

(7)  Releases  the  firing  pin  by  depressing  the  sear. 

;{8)  Depresses  oil  buffer  body  springjock.  (Mark  an  error 
if  he  pulls  on  oil  buffer  group  before  doing  this.) 

(9)  Pulls  out  the  oil  buffer  and  barrel  groups,, part  way. 

(10)  Separates  oil.  buffer  and  barrel  groups. 

(11)  Removes  barrel  group  from  casing.* 

PROCEDURES  FOLLOWED  IN  THE  DEVELOPMENT  OF  PHASE 

CHECKS 

During  the  months  of  construction  of  flexible  gunnery  phase 
checks,  a  body  of  knowledge  was  gradua’l.v  accumulated  which  * 
served  to  expedite  the  construction  of  each  successive  check. 

*  Standardized  Phase  Check,  Stripping  and  Assembly  ot  tK-  caliber  .50  machine  gun, 
form  B.  November  io44,  page  1.  This  phase  check  Is  repro.'tcrd  In  Cull  In  appendix  C, 
together  with  a  list  of  all  flexible  gunnery  phaso  checks  prepart-’  by  the  Central  School. 
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Some  of  tMa  knowledge  concerned  the  preparation,  and  some  of 
the  scoring  and  use  of  phase  checks.  This  section  of  the  chapter 
will  be  concerned  with  briefly  describing  some  of  the  more  impor¬ 
tant  things  that  were  learned  about  these  areas.  An  attempt  will 
be  made  to  stress  the  points  that  may  have  a  profitable  bearing 
on  the  application  of  phase,  check  procedures  to.  types  of  behavior 
other  than  that  involved  in  flexible  gunnery. 

luitlrl  Consideration* 

Before  attempting  construction  of  a  phase  check,  it  was  neces¬ 
sary  to  ensure  that  the  bei&  vior  under  consideration  was  scorable 
by  phase  check  methods;  This  was  ascertained  by  asking  three 
questions:  (a)  was  the  method  of  behavior  standard,  so  that  all 
students  could  be  expected  to  perform  the  same  steps  in  the  same 
way  and  in  the  same  order,  (b)  was  the  behavior  itself  observa¬ 
ble,  and,  (c)  in  cases  where  the  behavior  was  not  observable,  was 
it  possible  to  score  the  product  or  outcome  of  the  behavior  t 

Standard  method  of  behavior . — The  problem  of  variability  in 
method  of  behavior  proved  to  be  troublesome  in.  the  early  days 
of  phase  checking*  Students  at  different  schools  often  learned 
different  ways  of  performing  certain  steps,  whereas  a  phase 
check  could  only  be  administered  fairly  to  the  students  who  had 
learned  the  same  steps  that  were  included  in  the  check.  This 
problem  of  nonstandard  behavior  was  solved  by  the  use  of  phase 
checks  as  bases  for  instruction.  Because  the  phase  check  included 
all  of'ihe  steps  that  the  student  had  to  learn  in  order  to  master  a 
particular  area  of  his- job,  there  was.no  reason  for  withholding 
the  check  from  him  until  he  took  it  as.  a  test.  Indeed,  there  was 
good  reason  for  letting  him  study  and  practice  the  steps  as  much 
as  he  wished,  because  jn  preparing  himself  to  take  a  phase  check 
he  was  directly  preparing  himself  for  his  combat  duties.  The 
use  of  phase  check  practice  in  the  classroom  was  therefore  en¬ 
couraged,  and  provisions  -were  made  to  give  each  student  phase 
check  material  to  study  on  his  own.  * 

* Observability  of  behdvior.-^-ln  planning  a  phase  check,  it  was 
found  that  attention  became  so  concentrated  on  the  behavior  se¬ 
quence  under  consideration  that  the  examination  function  of  the 
phase  check  was  often  overlooked.  The  gunner’3  behavior  was 
most  often  obscured  by  the  locale  of  the  operation  (e,g.,  the  inside 
of  a  turret),  and  by  the  gunner  himself  (e.g.,  during  certain  flne 
manipulations  of  parts  of  the  machine  gun).  It'  was  necessary 
to  allow  for-the  presence  of  an  observer  wherever  possible;  other¬ 
wise  an  undue  proportion  pf  the  phase  check  would  consist  of 
usually  inadequate  inspections  of  the  outcome  of  .the  gunner's 
work.  *  _  ’ 
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Scorability  of  behavior  outcome, — In  cases  where  it  was  neces¬ 
sary  to  score  the  outcome  of  the  gunner’s  work,  either  because  the 
behavior  was  not  directly  observable,  or  because  simply  watching 
the  behavior  was  not  sufficient  for  indicating  its  correctness,  the 
problem  was  one  of  finding  the  most  complete  and  sure  check  of 
correctness.  This  usually  involved  having  the  phase  checker 
inspect  one  completed  step  to  see  whether  it  had  produced  the  cor-  • 
rect  result.  •  ,  • 

Preparation  of  Phase  Check  Items  .  * 

Once  it  was  determined  that  a  phase  check  was  feasible,  on  the 
basis  of  the  above  considerations,  it  was  possible  to  start  con? 
structing  the  work  form  of  the  phase  check.  The  basic  unit  of 
any  phase  check  was  the  items.  Items  were  prepared  with  the  v 
following  points  in  mind :  their  wording ;  their  discreteness  j  their 
scoring;  their  order;  and  their  closeness  to  actual  combat  condi-  . 
tions.  •  .  :  . 

Wording.— It  was  found  that  unless  the  wording  of  each  item- 
was  accurate,  complete,  and  detailed,  confusion  would  arise  at 
times  as  to  its  meaning  and  correct  scoring.  An  example  will  . 
serve  to  illustrate  this  point.  In  most  of  the  turret  phase  checks, 
one  step  consisted  of  checking  the  gun  mounts  for  security.  It 
was  not  sufficient,  however,  to  state  simply  “check  gun  mounts 
for  security  ;”  it  Was  necessary  to  include  as  much  information' as 
possible  on  how  this  was  to  be  done :  “he  should  try  to  rock  guns 
in  their  cradles,  and  check  front  and  rear  studs  and  mounting  . 
bolts.”  _  The  item  was  still  not  a  very  satisfactory  one;  there  was 
too  much  room,  for  variation  in  the  interpretation  of  the  words 
“try”  and  “check.”  The  item  was  possibly  a  source  of  unreliable 
administration,5  but  it  had  become  approximately  as  accurate  as 
words  and  space  permitted.  For  some  steps,  there  might  be  one 
likely  and  frequentstudent  error  that  was  profitably  pointed  out . 
in  the  wording  of  the  item.  For  example,  the  simple  item  “enters , 
turret”  was  improved  by  the  qualifying  parenthesized  phrase  “if 
he  grasps  sight  cradle  or  rods,  mark  an  erroh” 

In  preparing  most  items,  the  problem  was  primarily  one  of  . 
clarity  of  expression.  Effort  was  directed  toward  making  the, 
greatest  amount  of  sense  while  using  the  smallest  number,  of.  • 
words.  In  general,  each  item  was  worded  30  as  to  tell  the  phase 
checker  quickly  what  the  gunner  wa3  supposed  to  be  doing,  and, 
where  necessary,  what  exactly  consti/uted  correct  iaud  incorrect 

performance.  ‘  •' 

Discreteness.— As  the  student  was  scored  either  right  or  wrong 

»  See  page  120  of  this  chapter  for  a  brief  discuaslon  o  baso  check  reliability. 


on  each  item,  it  was  important  that  the  item  included  only  one 
distinct  step  of  behavior.  A  good  test  of  discreteness  was  found 
to  be  inquiring  if  you  would  know  what  you  wanted  to  know  about 
the  student’s  performance  in  case  he  was  marked  an  error  on  a 
certain  item.  Making  items  discrete  considerably  increased  the 
training  value  of  the  phase  check  by  specifically  indicating  to  the* 
gunner  his  particular  errors.  „• 

It  was> possible  to  carry  this  objective  of  discreteness  to  absurd 
limits.  Practically  any  unit  of  human  behavior  may.be  subdi¬ 
vided  into  smaller  units,  progressing  from  a  teleological  descrip¬ 
tion  of  the  behavior  to  a  literal  description  of  what  various  bodily 
groups  and  members  do  during  their  behavior.  It  was  essential 
that  perspective  be  maintained  regarding  the  significance  of  each 
item.  It  was  found  helpful  to  keep  in  mind  the  fact  that  the 
phase  checker  was  going  to  be  required  to  observe,  evaluate,  and 
score  every  item  recorded  in  the  phase  check,  and  that  he  was 
going  to  be  working  within  definite  time  limits. 

.•  Scoring. — For  scoring  purposes,  the  description  of  the  step  it¬ 
self  was  in  most  cases  enough,  and  the  phase  checker  was  able 
to  determine  from  simply  observing  the  student’s  behavior  wheth¬ 
er  or  not  the  step  was  being  performed  correctly.  In  a  few  cases, 
as  mentioned  above,  observation  of  the  behavior  was  not  sufficient 
for  scoring  purposes,  and  some  check  was  required  of  the  product 
or  outcome  of  behavior.  ... 

Attempts  were  made  in  some  early  forms  of  the  phase  checks 
to  provide  for  an  error  being  scored  in  the  event  that  a  student 
“started”  to  do  a  wrong  thing,  or,  “tried”  to  do  a  wrong  thing. 
Such  scoring  procedures  were  unsuccessful  for  two  reasons.  They 
demanded  of  the  phase  checker  judgments  that  were  too  difficult, 
and  they  did  not  allow  for  the  fact  that  what  often  seemed  to  be 
a  gesture  in  the  direction  of  a  wrong  performance  might  be  a  nerv¬ 
ous,  superfluous  movement.  In  general,  the  phase  checker  was 
not  required  to  make  any  judgments  beyond  determining  whether 
the  subject  did  a  specific  thing  or  did  not  do  it  .  * 

Order . — In  considering  the  order  in  which  separate  steps  were 
to  be  performed  during  the  phase  check,,  it  was  necessary  to  take 
into  account  two  factors:  how  significant  a  role  order  played  in 
the  behavior,  and,  how  order  might  best  be  included  in  the  scoring 
of  the  behavior.  The  following  examples  from  flexible  gunnery 
phase  checks  suggest  the  methods  that  were  used  for  scoring  order. 

Example  A: 

Item  1.  “Turns  on  master  power  switch.  (If  he  turns  on  any  other 
switch  first,  mark  an  error.)” 
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Example  Bi  ■  -  • 

Ite**1  1-  '"Turns  on  main  power  circuit  breaker."  •  ■■ 

Item  2.  “Turns  on  sight  circuit  breaker."  ■  • 

Item  6.  “Turns  on  sight  switch,  (If  he  fails  to  turn. on  main  power 
circuit  breaker  and  sight  circuit  breaker  before  turning 
on  sight  switch,  mark  an  error.)" 


Example 

Item 

Item 

Item 


c: 

1.  “Removes  oil  buffer  tube.  (Mark  an  error  if  he  removes 
n  urf ^"er  tne  tube  lock  or  accelerator  before  doing  this.)” 

2.  Removes  oi.  buffer  tube  lock.  (Mark  an  error  if  he  re- 

moves  accelerator  before  doing  this.)"  • 

3.  “Removes  the  accelerator.”  . 


When  it  was  desired  that  groups  of  steps  be  performed  in  a 
certain  order,  although  no  order  of  steps  was  demanded  within 
groups,  3ome  such  statement  as  the  following  was  included  in  the 
necessarily  or  logically  first  item  of  each  group;  “mark  an  error 
if  he  starts  work  on  another  group  first.”  If  no  specific  order 
was  required  of  the  student,  it  was  well  to  state  this  fact  em¬ 
phatically  in  the  directions  to  the  phase  checker ; .  otherwise  the 
fact  that  items  were  listed  in  a  certain  order  in  the  phase  check 
would  imply  that  the  particular  order  used  was  demanded. ,  ■  ■ 

Simulation  of  actual  combat  conditions. — As  much  as  possible, 
phase  check  items  were  so  prepared  as  to  require  the  student  to 
do  the  “real”  thing.  For  example,  if  he  was  demonstrating  how 
to  load  ammunition  into  a  turret,  he  was  required  actually  to  load 
real  ammunition  in  a  real  turret.  If  this  principle  of  realness  was 
not  adhered  to,  the  phase  check  situation  tended  to  impose  its- 
own  limited  significance  on  items.  There  was.  also  danger  of' 
making  the  phase  check  either  harder  or  easier  than  the  actual 
job.  For  a  long  time  gunners  learned  to  detail  strip  and  assemble 
the  machine  gun  wearing  blindfolds.  This  procedure  was  dictated 
partly  by  combat  experience,  in  that  gunners  were- actually  rer 
quired  to  work  on  their  guns  in  the  dark  at  some  advanced  Pacific 
air  fields.  It  was  also  judged,  however,  that  by  learning  to  do 
the  task  under  the  handicap  of  a  blindfdd  the  gunner  would  gain 
greater  proficiency  in  doing  the  task  without  a  blindfold  than  he 
would  if  he  learned  without  such  a  handicap.  An  occasion  arose 
to  phase  check  some  gunners  without  blindfolds  who  had  been 
trained  to  work  with  blindfolds,  and  it  was  reported  that  their 
errors  increased.  No  formal  analysis  was  made  of  the  data.(  Apr 
parently  the  cues  used  with  effectiveness  when  the  gunners  wore 
blindfolds  lost  sonie  of  their  effectiveness  when  the  gunners  could 
see.  ' 


Summary. — The  following  questior  were'  profitably  asked  con¬ 
cerning  phase  check  items :  .  .  .  ... 


(1)  Did  each  item  accurately,  thoroughly,  and  clearly  describe  the  be¬ 

havior  with  which  it  was  concerned? 

(2)  Did  each  item  contain  only  one  signifi  ,t  si  ^  of  behavior?  • 
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(3)  Wat  the  ecortblllty  of  etch  item  taken  into  account? 

(4)  Was  the  scoring  of  order  of  steps  taken  into  account,  and  was  al¬ 

lowance  made  for  variation  in  order,  where  applicable? 

(6)  Did  each  item  impose  essentially  the  same  significance  on  the  step 
that  it  would  have 'in  the  job  itself? 

* 

Having-prepared  a  set  of  items  that  met  the  above  requirements, 
they  were  given  to  several  qualified  individuals  for  review  and 
criticism.  This  procedure  usually  produced  a  number  of  cor¬ 
rections  and  valuable  suggestions  for  improvement.  In  the  case 
of  behavior  involving  equipment,  it  was  especially  important  that 
items  be  reviewed  and  tried  out  to  make  sure  that  the  use  of  the 
equipment  was  correctly  described.  For  this  purpose  the  aid  of 
a  technical  expert  on  the  equipment  was  necessary, 

*  *  s 

Preparation  of  Direction*  -  , 

Directions  for  phase  checkers. — After  all  of  the  phase  check 
•items  were  prepared  in  preliminary  form,  and  organized  into  the 
most  appropriate  and  efficient  groups,  it  was  necessary  to  prepare 
directions  for  the  administration  of  the  phase  check.  Typical  di¬ 
rections  will  be  found  in  the  phase  check  oh  stripping  and  assem¬ 
bly  of  the  caliber  .50  machine  gun  included  in  Appendix  C.  Di¬ 
rections  always  specified  exactly  the  conditions  for  administernig 
and  scoring  of  the  check.  1  .  ' 

Directions  to  be  read  to  student. — In  preparing  the  directions 
that  the  phase  checker  read  to  the  student,  four  major  points  were 
kept  in  mind :  they  were  made  to  sound  like  the  phase  checker,  in 
terms  of  vocabulary  and  form  of  expression ;  they  were  written 
so  as  to  be  clear  to  the  students  (the  word  “deviations”  was  found 
to  have  baffled  numerous  gunnery  students)  ;  they  covered  ex¬ 
actly  what  the  student  was  expected  to  do  ;  and  they  contained 
just  as  much  information  as  a  student  could  readily  grasp  at  one 
time.  '  .  .  •  ■  • 

Scoring  of  Phase  Check* 

t 

Problems  in  the  scoring  of  phase  checks  centered  around  five 
topics :  the  scoring  of  items,  the  weighting  of  items,  converting 
to  part  scores,  converting  to  final  scores,,  and  scoring  for  speed  as 
well  as  for  accuracy. 

Scoring  of  items. — It  was  decided  that  each  item  on  a  phase 
check  would  be  scored  on  an  all-or-none  (basis.  That  is,  a  student 
was  considered  as  having,  performed  a  step  either  correctly  or 
incorrectly.  The  nature  of  a  phase  check  item,  in  describing  one 
integral  step  of  behavior,  made  this  type  of  dichotomous  scoring 
most  desirable.  An  additional  argument  for  such  scoring  came 
from  the  fact  that  a  phase  checker  would  usually  be  hard  pressed 


-  i. 

'  ■  I 

to  wake  even  dichotomous  judgments  about  items  when  observing  # 

a  rapidly  moving  sequence  of  performance.  .  *  i 

Weighting  of  items. — The  problem  of  weighting  phase  check 
items  arose  soon  after  phase  checks  came  into  being.  Although 
in  a  sense  all  phase  check  items  were  important,  because  each  onf/  ? 
played  an  essential  role  in  the  total  performance,  it  was  judged 
that  items  might  also  vary  among  themselves  in  significance.  The  , 
first  attempts  to  assign  weights  to  items  were  based  on  the  opin¬ 
ions  of  several  qualified  gunnery  authorities,  who  selected  the .  ' 
items  they  felt  to  be  most  crucial  in  each  phase  check.  The  cri¬ 
terion  that  they  most  frequently  used  was  that  the  equipment 
would  not  operate  in  the  gunner  made  an  error  on  a  certain  item.  -  ^  • 

A  rather  severe  scoring  procedure  was  adopted  for  these crucial, 
or  “major”  items,  as  they  were  called ;  a  student  was  considered  to  ’ 
have  failed  an  entire  phase  check  if  he  made  an  error  on  one  such  • 
item.  Criticism  of  thir  scoring  system  soon  came  from  a  variety 
of  sources,  aimed  not  so  muck  at  the  system  itself  as  at  the,  choice 
of  items  to  be  considered  as  crucial.  Conferences  were  called:  in 
which  an  attempt  was  made  to  pin  the  discussion  dewn  to  c  ertain 
arbitrary  assumptions  regarding  crucial  items.  It  was  found, .  ■ : 
however,  that  there  were  about  as  many  opinions  regarding  the 
relative  significance  of  items  as  there  were  gunnery  authorities.  •. 

The  use  of  major  items  was  discontinued  for  the  time  being,  and  t, 
attempts  were  made  to  determine  the  significance  of  items  on 
bases  other  than  personal  oj^nlon.  "  .1  .  ■'!,•  .* 

Combat  records  of  gunnery  equipment  failures  were  studied  in  ; 
the  hope  of  arriving  at  certain  common  malfunctions  of  equip*  -• 
ment  which  related  to  specific  items  on  the  phase  checks.  Data  of  ■ 
this  sort  varied  considerably,  however.  There  was  apparently  /  * 

.  little  consistency  in  the  type,  of  mistakes  that  gunners  made  in  ' 
preparing  their  equipment  for  combat  use.  -  ' 

The  number  of  times  that  students  were  scored  as  being  in  error 
on  certain  items  was  considered  as  a  possible  criterion  for  assign-  *• 
ment  of  weights,  in  that  such  data  tended  to  indicate  the  relative,, 
difficulty  of  mastering  these  items,  including  the  factor  of  rela¬ 
tive  item  difficulty  in  the  scoring  would  have  enabled  the  student  . 
to  get  extra  credit  for  mastering  the  more  difficult  items,  It  was 
found,  however,  that  such  data  varied  from  school  to  school,  and  ■  <  . 
even  from  instructp1*  to  instructor,  reflecting  differences  in  em¬ 
phasis  and  quality  of  training  received  by  the  students  prior  to 
taking  the  phase  checks. 

The  decision  was  Anally  made  to  dispense  with  any  system  of 
weighting  and  to  consider  all  items  on  ah  equal  basis.  • 

Converting  to  part-  scores.— Most  of  the  phase  checks  were  or-  ■ 
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ganized  conveniently  into  parts,  each  part  relating  to  a  distinct 
aspect  of  the  gunner's  job.  It  was  desirable  to  have  a  separate 
converted  score  for  each  part  in  order  to  point  up  for  both  the 
instructor  and  student  possible  areas  of  weakness.  Scoring  tables 
were  constructed,  therefore,  which  enabled  the  error  scores  of  stu¬ 
dents  on  each  part  to  be  converted  to  scores  on  a  five-point  scale. 
Ideally,  a  score  of  5  would  represent  the  top  4  percent  of? thepopui 
lation,  a  score  of  4  would  represent  the  next  24  percent^ a  score  of 
S  the  middle  44  percent,  a  score  of  2  the  next  24  percent,  and  a 
score  of  1  the  lowest  4  percent.  Scoring  tables  were  derived 
wherever  possible  from  the  results  of  administering  the  phase 
checks  to  properly  selected  groups;  In  many  cases,  however,  due 
to  the  practical  and  immediate  necessity  of  supplying  the  using 
schools  with  scoring  tables  for  a  new  phase  check,  they  were  con¬ 
structed  on  an  a  priori  basis,  and  later  revised. 

Converting  to  final  scores.— -Once  standard  scores  had  been  de¬ 
termined  for  each  part  of  a  phase  check,  it  was  necessary  to  devise 
some  system  for  converting  these  separate  standard  scores  to  a 
final  standard  score.  This  was  done  by  totaling  the  standard 
scores  for  all  par^a,,and  then  converting  the  total  to  a  five-point 
scale’  on  the  basis  of  a  table  designed  to  yield  approximately  the 
same  percentages  in  each  category  as  are  indicated  above  for  part 
scores.  . 

Scoring  of  time . — For  some  types  of  gunnery  performance, 
speed  was  of  importance  and  was  token  into  account  in  the  scoring 
of  the  phase  checks  concerned  with  such  performance.  For  these 
phase  Checks,  time  data  as  well  as  error  data  were  considered  in 
preparing  tables  for  converting  scores  to  standard  scores.  The 
most  careful  judgments  possible  were  made  in  such  cases  by  mem¬ 
bers  of  the  psychological  tests  section  regarding  the  relative  im¬ 
portance  of  time  and  errors.  For  phase  checks  including  time  as 
a  factor  of  performance,  the  student’s  standard  score  was  deter¬ 
mined  by  joint  reference  both  to  columns  of  time  limits  apd  of 
error  limits.  A  time-error  scoring  table  is  included  in  the  phase 
check  on  stripping  and  assembly  of  the  caliber  .50  machine  gun 
reproduced  in  appendix  C. 

Changes  in  scoring  emphasis  during  war. — During  the  early 
period  of  flexible  gunnery  training,  when  phase  checks  first  came 
into  use,  they  were  used  primarily  as  tests  of  proficiency  in  the 
Training  Command  basic  gunnery  acnools.  They  had  only  a 
limited  use  as  training  aids,  and  students  did  not  take  them  more 
than  one  or  two  times  as  tests.  Consequently,  there  was  usually  a 
sizable  range  of  errors  made  on  the  phase  checks.  Most  other 
scores  of  proficiency  at  that  time  were  converted  to  a  five-point 


scale,  and  aa  the  range  of  errors  made  such  a  scoring  system  feas-  , 
ible  for  phase  checks,  phase  check  error  scores  were  also  converted  ■ 
to  a  five-point  scale  as  discussed  above.  As  the  use  of  phase  1 
checks  in  the  gunnery  program  grew,1  however,  the  scoring  situa¬ 
tion  changed.  Due  to  the  fact  that  students  were  eventually 
given  opportunities  to  practice  many  times  on  each  phase  check,  • 
as  well  as  to  take  each  phase  check  several  times  as  a  test,  the 
range  of  errors  madedecreased  to  a  very  small  number.  In  this 
later  period,  when  such  conditions  obtained,  it  often  became  im¬ 
practicable  to  divide  students  into  more  than  two  categories  of 
success  and  failure.  Scores  were  eventually  used  as  evidence  of 
mastery  of  gunnery  tasks,  and  as  indications  of  areas  of  weakness 
on  the  part  of  students.  , 

The  Validity  and  Reliability  of  Phase  Checks 

Validity  of  phase  checks. — On  logical  grounds,  the  validity  of 
phase  checks  was  inherent  in  their  nature,  as  in  most  cases  the  * 
student  was.  required  to  do  the  same  things  that  he  would  even¬ 
tually  have  to  do  in  combat.  The,  conditions  under  which  he 
worked  were,  of  course,  never  simulated'  completely,  but  it  was  ’  ’ 
reasonable  to  suppose,  due  to  the  technical  and  stereotyped  nature 
of  the  behavior,  that  students  who  demonstrated  that  they  knew .  * 
how  to  perform  a  step  on  the  phase  check  would  probably  be  able 
to  perform  the  same  step  under  other  circumstances. 

Reliability  of  phase  checks. — Two  differences  between  phase  *- 
checks  and  other  types  of  tests  influenced  consideration  of  the  - 
reliability  of  phase  check  scores.  First,  a  phase  check  always 
included  all  of  the  steps  involved  ?,n  a  certain  performance.  .  The. 
application  of  sampling  procedures  was  ruled  out,  because  of  the 
dual  role  of  phase  checks  as  training  aids  as  well  as  testing  devices.  - 
Each  item  earned  its  right  to  be  in  the  phase  check  due  to  the  fact, 
that  it  served  a  purpose  in  the  total  performance.  This  fact  also 
ruled  out  the  possibility  of  constructing  alternate  forms  of  any 
phase  .check.  Second,  phase  checks  included  several  sources  of 
possible  influence  on  scores,  other  than  student  performance. 
Scoring  of  phase  checks  was  influenced  ,.>y  the  phase  check  items/ 
by  the  phase  checker’s  observations  and  judgments,  and  by  the  • 
type  and  condition  of  the  equipment  used  in  the  phase  check,  as 
welbas  by  the  student’s  performance. 

In  an  early  study  the  reliability  of  scores  on  the  phase  check  on  . 
stripping  and  assembly  of  the  caliber  50  machine  gun  was  esti¬ 
mated  to  be  0.65  (Kuder -Richardson  formula  No.  21).  That 
reliability  as  measured  by 'traditional  m^  :hods  would  be  low  was 
ensured  by  the  fact  that  a  largo.  proportion  of  phase  check  items 
had  approximately  a  zero  degree  of  diflicu.  *,  Further  it  was  im- 
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|  possible  to  effect  th«  revisions  of  the  phase  checks  that  these 
measures  of  reliability  suggested.  It  was  impossible,  for  example, 
to  eliminate  items  of  sero  and  near-zero  difficulty,  on  the  basis  of 
considerations  discussed  above,  and  it  was  inadvisable  to  group . 

.  items  together,  because  of  the  desirability  of  using  scores  dtagnoe-  * 
tically.  •'* 

The  revision  of  phase  check  items  to  improve  clarity  of  expres¬ 
sion,  discreteness,  and  scorakllity  was  felt  to  be  the  most  effective- 
means  of  increasing  reliability. 

Two  other  factors  in  the  phase  checking  situation,  the  phase 
1  checker  and  the  equipment,  were  sources  of  unreliability.  Atten- 
!  tion  was  consequently  paid  to  reducing  the  scoring  variability 
!  caused  by  these  two  factors.  Although  no  formal  study  was  made 
of  the  reliability  of  phase  checkers*  judgments,  it  was  recognised 
that  phase  checkers  often  differed  in  their  judgments  of  perform¬ 
ance  on  Items.  This  was  due  to  such  factors  as  relative  accuracy 
of  observations  and  relative  expression  of  leniency,  instant  at¬ 
tempts  were  made  to  indoctrinate  phase  checkers  with  the  ntces- 
(  slty  of  administering  and  scoring  every  phase  check  in  the  same 
'  way.  This  was  the  primary  objective  of  the  phase  check  course 
in  the  Instructors  School.  A  manual  and  a  training  film  for  phase 
checkers  were  also  developed  and  used  to  teach  proper  procedure. 

Variability  In  equipment  also  led  to  variability  in  sooring,  al¬ 
though  it  was  difficult  to  isolate  this  factor  from  all  the  other  fac¬ 
tors  involved  In  a  student's  performance  Attempts  were  made 
to  ensure  that  the  right  equipment,  in  good  condition,  was  always 
used  in  phase  oheoka,  , 

.  ‘ ■■  s  »*  * 

DESCRIPTION  OF  FLEXIBLE  GUNNERY  PHASE  CHECKS  • 

•  '  V 

Flexible  gunnery  phase  checks  were  first  mimeographed  in  , 
limited  quantities  for  distribution  to  the  seven  basic  gunnery 
schools  in  the  Training  Command,  The  purpose  of  the  distribu- 
!  tion  was  partly  to  supply  the  schools  with  standardised  phase  * 
.checks  for  their  um  in  training  and  testing  and  partly  to  secure 
criticisms  and  suggestions  for  revision  of  the  oheeks.  As  the  use 
of  the  checks  became  mors  widespread,  a  considerable  quantity 
of  phase  check  booklets  and  score  sheets  wee  demanded  not  only 
in  the  AAF  Training  Command  hut  alio  in  the  training  air  force* 
and  eombat  air  forces,  A  system  wae  therefore  adopted  whereby 
the  materials  were  prepared  for  publication  in  the  Central  School 
and  the  publication  and  distribution  were  accomplished  by  AAF 
Training  Aids  Division,  This  system  had  the  advantage  of  mak¬ 
ing  available  the  required  quantities  el  phase  checks,  printed  in 
durable  and  eenvenient  form, 


1IC 


Most  of  the  phase  checks  were  printed  with  pages  successively 
cut  back,  so  that  when  the  student’s  score  sheet  was  inserted  at 
the  proper  place  in  the  phase  check  booklet  the  phase  checker  was 
able  to  record  a  score  (either  a  check  mark  or  a  zero)  in  a  space 
on  the  score  sheet  immediately  adjoining  a  description  of  each 
item.  This  system  is  illustrated  in  figure  8.1.  It  had  the  acL- 
vantage  of  allowing  the  phase  checker  to  refer  conveniently  to 
item  descriptions  while  observing  and  scoring  the  student’s  per¬ 
formance.  This  was  especially  helpful  to  phase  checkers  with 
limited  experience  it.  phase  checking.  More  experienced  phase 
checkers  memorized  item  descriptions  and  required  the  phase 
check  booklets  only  for  the  reading  of  directions  to  the  students. 

The  phase  checks  of  the  caliber  .50  machine  gun  included  items 
on  taking  the  gun  apart  and  putting  it  together,  cleaning  and  oil¬ 
ing  it,  removing  burrs  from  parts,  and  making  adjustments. 
Each  turret  phase  check  consisted  of  items  on  basic  operation,  the 
loading  of  ammunition,  the  harmonization  of  the  guns  and  sight, 
the  making  of  a  preflight  inspection,  and  on  procedures  for  getting 
in  and  out  of  the  turret;  The  phase  checks  known  as  aerial  pro¬ 
ficiency  checks  covered  all  gunner  activities  concerned  with  a 
combat  mission,  including  a  briefing,  personal  equipment  check, 
gun  installation,  and  preflight  check,  loading  of  ammunition,  ditch¬ 
ing  procedure,  emergency  equipment  check,  intercom  check,  enter- 
ingrand  manipulation  of  turret,  air-to-air  and  air-to-ground  firing, 
gun  stripping,  first  aid,  bail  out  procedure,  and  interrogation. 

USE  OF  *  PHASE  CHECKS  IN  THE  FLEXIBLE  GUNNERY 

PROGRAM 

Uao  of  Phase  Checks  as  Tests 

Use  in  basic  gunnery  schools.— With  the  publication  and  distri¬ 
bution  of  the  first  standardized  series  of  phase  checks  in  the 
spring  of  1944,  phase  check  scores  were  used  as  oiie  basis  for  grad¬ 
uation  or  elimination  in  basic  gunnery  schools.  Their  use  as  a 
means  of  establishing  minimum  proficiency  requirements  was  sub¬ 
sequently  directed  by  Headquarters,  Army  Air  Forces.4  The  fol¬ 
lowing  basic  principles  were  adopted  for  the  use  of  phase  checks 
in  Training  Command  schools: 

(1)  Each  gunnery  student  was  required  to  demonstrate  his  proficiency 

on  all  existing  phase  checks  appropriate  to  the  gun  position  for 
which  he  was  being  trained. 

(2)  The  index  of  the  student’s  proficiency  was  the  final  converted  score 

received.  A  converted  score  of  two  (2)  was  the  minimum  passing 
score  for  each  phase  check.  * 

(3)  A  converted  score  of  one  (1)-  indicated  failure  on  any  phase  check. 

(4)  Any  student  failing  to  obtain  a  minimum  passing  score  on  the  last 

regularly  scheduled  phase  check  was  considered  for  elimination. 

4  AAF  Trsfuing  Standard  00-011,  21  June  1045,  paragraph  4,  paga  S. 


It  also  became  standard  operating  procedure  at  most  gunnery 
schools  in  the  Training  Command  to  include  phase  check  score 
sheets  among  the  other  records  considered  by  elimination  boards 
when  reviewing  individual  cases. 

Use  in  training  and  combat  air  forces. — The  use  of  phase  checks 
as  tests  of  proficiency  gradually  extended  to  the  training  air  forces  . 
and  finally  to  the  combat  air  forces.  The  repute  in  which  they 
were  held  by  Headquarters,  Army  Air  Forces,  is  evidenced  by  the 
following  excerpts  from  an  official  A  AF  Letter,  distributed  to  the 
commanding  generals  of  all  air  forces: 

5.  It  will  be  the  responsibility  of  local  commanders  to  insure  that  equip¬ 
ment  required  for  the  Administration  of  Standardized  Phase  Checks  is  pro¬ 
cured  and  maintained,  that  conditions  for  phase  checking;  as  specified  in  the 
Standardized  Phase  Checks  >  .  .  are  adhered  to,  and  that  the  individuals  ad¬ 
ministering  the  Standardized  Phase  Checks  are  adequately  trained  and  in 
sufficient  numbers.  '  ‘ 

>6.  Air  inspectors  will  make  frequent  and  thorough  inspection  of  all  flexible 
gunnery  training  activities  to  insure  that  the  Standardized  Phase  Checks  ar« 
administered  in  accordance  with  the  instructions  contained  therein 

Results  of  testing  with  phase  cheeks. — A3  an  indication  of  the 
.type  of  distributions  of  phase  check  scores  obtained  under  normal 
operating  conditions  upon  final  administration  at  schools  in  the 
Training  Command,  figure  8.2  is  presented.  The  students  whose  ■ 
scores  are  included  in  this  figure  had  already  taken  each  phase 
check  at  least  twice  as  practice.  Study  of  the  error  scores  of  the 
three  phase  checks  concerned  in  .the  figure  reveals  several  points 
of  interest  regarding  phase  c  teck  scoring., 

For  one  thing,  it  will  be  noted  that  the  plottings  of  the  fre¬ 
quency  with  which  certaiii  error  scores  are  obtained  create  a 
skewed  curve.  The  bulk  of  the  students  make  from  no,  errors  to 
three  errors,  with  successively  fewer  students  making  pip  to  as 
many  as  12  errors  on  one  phase  check  (Martin  turret).-  The 
ranges  of  errors  are  notably  small,  the  greatest  range  being  from 
0  to  12.  This  smallness  of  range  is  appreciated  when  one  con¬ 
siders  the  total  number  of  items  making  up  each  phase  check.  In  .  .  I 
table  8.1,  the  mean  number  of  errors,  the  range,  of  errors,  and  the  ., 
total  number  of  items  are  presented  for  each  phase  check.  The 


Table  8.1. — Mean  errors  and  range  of  errors  on  phase  checks  of  student*  at 
Laredo  Army  Air  Field,  with  total  items  for  each  phase  check  (Class  4S-4S, 
August  19iS)  4 


Phase  check 

* 

N 

Mean  num¬ 
ber  er-ors 

Rango  of 
errors 

Total  num¬ 
ber  Items 

.  -  * 

107 

2.68 

0  to  12 

•  75 

107 

2.19 

0  to  6 

118 

107 

2.58 

0  to  9 

148 

*  1 

- - - 

*AAF  Letter  50-79,  Headquarter*,  Army  Air  Forces,  11  December  1944,  page  2,  para¬ 
graphs  5  and  6. 


average  number  of  errors  on  the  Martin  turret  check  is  2.58,  with 
the  poorest  student  making  9  errors,  out  of  a  total  of  143  possible 
errors. 

During  their  training  at  combat  crew  training  stations,  where 
they  went  after  graduation  from  basic  gunnery  schools,  gunners' 
were  required  to  take  each  phase  check  appropriate  to  their  gun 
position  at  least  five  times.  The  mean  number  of  errors  made  de¬ 
creased  to  zero  for  many  of  these  latter  checks.  Table  8.2  pre¬ 
sents  the  average  number  of  errors  made  on  successive  phase 
checks  by  students  taking  part  in  the  first  try-out  of  the  continua¬ 
tion  program  of  training  for  combat  crew  stations.* 

Table  8.2. — Mean  error  scores  on  five  successive  phase  checks  of  student 
gunners  at  a  combat  crew  training  station  (Pueblo  Army  Air-Base,  Sep¬ 
tember  19  U) 


Phase  check 


Turret 

1st 

2d 

3d 

4th 

5th 

6.2d 

5.41 

5.69 

15.23 

1.10 

.41 

1.60 

2.20 

0.37 

.14 

.86 

.90 

0.22 

.00 

.28 

.46 

0.09 
.00 
.00 
'  M 

-  -- 

Spernr'ball - - - • — 

Number _  _ -  -  _ 

199 

197 

198 

192 

185 

Study  of  the  scores  discussed  above!  reveals  that  a  system  of 
phase  check  scoring -indicating  simply  success  or  failure  was  more 
adapted  to  the  training  >air  force  program  m  its  later  stages. 
The  small  range  of  errors,  and  the  small  proportion  of  errors  to 
total  number  of  items,  made  more  discriminating  scoring  impos¬ 
sible  in  many  cases  and  inadvisable  in  practically  all  cases.  Train¬ 
ing  standards  for  combat  crew  training  stations  therefore  required 
that  gunners  obtain  a  higher  score  for  graduation  than  was  re¬ 
quired  at  basic  gunnery  schools. 

Two  studies  were  conducted  in  November  1943,  which  yielded 
correlations  between  the  existing  phase  checks  ohi  stripping  and 


Table  8.3. — Correlation  between  stripping  and  assembly  phaw  checks  de¬ 
veloped  at  Las  Yegas  and  Buckingham  and  scores  on  part  III  ( weapons ) 
of  gunnery  final  examination  (GFC)  (November  19 IS) 


Form  of  phsse  check 

l 

N 

r 

Phase  check  soores  j 

Pert  III,  QFO  score* 

: 

X  • 

SD 

X 

SO 

Lae  Vegaa _ - — 

Buckingham _ 

521 

.509 

5.13 

~,11 

-1-21.24 

*.75 

7.82 

1.24 

80.79 

31,06 

2.26 

2.35 

1 Score  In  terms  of  number  of  Items  correctly  pe.  Termed. 
*  Score  In  terms  of  errors. 


•See  Chspter  11  for  a  dUcusslon  if  the  experiment,  ''Muatloa  of  this  training  program. 


assembly  of  the  caliber  .50  machine  gun  and  the  weapons  section 
(part  III)  of  the  Gunnery  Final  Examination  (GFC).  The  re¬ 
sults  of  these  studies  are  presented  in  table  8.3.  Little  correlation 
was  indicated  between  performance  on  and  knowledge  regarding 
the  weapon  as  measured  by  these  instruments.  . 

.  *  •  »  , 

Use  of  Phase  Cheeks  in  the  Training  of  Gunner* 

Use  in  basic  gunnery  schools. — It  was  recognized  soon  after 
their  first  inclusion  in  the  Training  Command  gunnery  school  pro¬ 
grams  as  testing  devices,  that  phase  checks  also  possessed  consid¬ 
erable  value  for  training.  The  principle  of  “learning  by  doing” 
was;  emphasized  and  the  use  of  phase  checks  in  the  classroom,  and 
by  s  indents  during  their  study  periods,  was  encouraged. 

The  /Hollowing  excerpt  is  from  a  description  of  the  basic  gunnery 
program  as  developed  by  the  Central  School : 

Performance  or  "phase”  checks  have  been  developed  which  are  not  con- 
•  sidered  primarily  as  testa  of  ability  but  rather  as  training  aids  for'  the  de¬ 
velopment  of  adequate  skills.  In  the  proposed  program  there  occurs  a  very 
minimum  of  classroom  lecture.  Even  the  teaching  of  part  functions  and 
cycles  of  operation  of  the  caliber  .50  machine  gun  has  been  planned  in  such  a 
way  that  the  gunner  is  actually  performing  with  the  gun  throughout  the 
period  of  his,  learning.  The  main  stress  of  the  new  program  is  upon  "opera¬ 
tional  exercises”  in  which  the  gunner,  during  his  training,  goes  through 
exactly  the  same  steps  he  will  be  required  to  perform  when  he  joins  a  combat 
unit 

'  *  -  „  *  *  *  • 

Use  in  training  air  forces. — It  was  the  success  of  the  training 
program  at  Pueblo,  however,  that  finally  forced  on  the  attention  of 
gunnery  authorities  the  effective  use  that  could  be  made  of  phase 
checks  in  the  training  of  gunners.  Phase  checks  were  established 
as  the  bases  for  all  ground  training  in  the  care  of  equipment  in 
the  combat  crew  training  stations.  Each  gunnery  student  at 
these  stations  was  required  to  take  at  least  five  phase  checks  on  the 
caliber  .50  machine  gun  and  on  his  turret  specialty  during  his 
course  of  training.  Following  is  a  resume  of  the  use  of  phase 
checks  for  training  and  testing  B-17  gunners  included  in  the 
standard  lesson  plan  for  combat  crew  stations.  Each  “unit”  re¬ 
fers  to  a  period  of  training  devoted  to  the  care  of  equipment,  and 
was  coordinated  with  other  aspects  of  crew  training.  *  Some  units 
have  been  omitted. 

Unit  ! — phase  check:  Complete  phase  check-on  each  turret,  in  addition  to 
Part  V  of  the  Caliber  .SO  Machine  Gun-Care  and  Cleaning  Phase  Check. 
If  a  student  has  not  studied  his  assigned  turret  in  basic  gunnery  school,  he 
should  be  taught  the  complete  phase  check  for  his  turret  during  this  unit.. 

Unit  2 —Practice  exercise:  Students  who  have  received  a  "perfect”  score 
in  Unit  1  will  be  excused  from  thi  i  exercise  and  from  Unit  3  as  well.  Those 
.who  have  made  “perfect”  in  the  turret 'phase  check  but  not  in  the  weapons 
part  will  be  sent  to  weapons  laboratory  for  this  unit.  Students  who  nave 
not  been  phase  checked  or  have  not  completed  their  phase  check  in  Unit  1, 
will  complete  their  phase  check  iu  this  period. 

The  rest  of  the  students  will  be  paired  off  by  the  assistant  chief  ' instructor 
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before  i’ii*  unit  begins,  on  the  basis  of  similarity  oi\  errors  in  the  Unit  1 
phase  check.  Each  instructor  will  then  take  a.  pair  of  students,  point  out 
their  errors,  and  then  make  them  correct  their  own  errors  by  performing 
the  phase  check  steps  correctly.  In  correcting  the  student’s  errors,  instruc¬ 
tors  should  supply  any  additional  instruction  necessary  for  a  complete  under¬ 
standing- of  the  phase  check  steps.  If  time  is  available,  students  will  use  the 
coach-pupil  method  nad  give  the  phase  check  to  each  other.  Students  will 
be  rotated  with  the  weapons  laboratory  so  that  no  men  are  idle. 

.Unit  3 — practice  exercise :  Each  pair  of  students  will  be  assigned  to  one 
turret,  as  in  Unit  2;  They  will  phase  check  each  other,  'each  performing  the 
complete  phase  check.  Instructors  will  supervise  to  see  that  students  are 
performing  the  steps  of  the  complete  phase  check  properly.  They  should  . 
stress  that  proper  use  of  the  practice  exercises  will  help  climinat  malfunc¬ 
tions  and  braking  of  equipment  in  training  aircraft.  Instructors  will  use 
the  weekly  agmament  report  on  equipment  broken  on  the  line  as  an  object 
lesson  in  preventive  maintenance  measure. 

Unit  4 — phase  check:  All  students  will  be -phase  checked  during  this  Unit. 
Assistant  chief  instructors  will  rotate  students  with  the  weapons  laboratory 
in  order  to  keep  all  men  busy.  Students  attaining  “perfect”  will  be  excused 
from  further  class  periods  up  to  Unit  7,  but  they  must  report  to  each  class 
to  be  excused  by  the  assistant  chief  instructor.  Thbse  who-made  “perfect” 
on  the  turret  part  of  the  phase  check  but  failed  on^the  weapons  part,  will  be 
sent  to  weapons  practice  exercises  until  they  attain  “perfection.”. 

Armorer  gunners  will  be  given  a  complete  practice  exercise  on  the  Bendix 
Chin  Turret.  .... 

Unit  10 — practice  exercise:  Same  as  in  Unit  2.  Students  who  attained 
“perfection”  on  all  previous  phase  checks  will  be  excused.  Excused  students 
will  be  those  who  have  not  only  received  a  perfect  score  on  their  assigned 
position  phase  check  in  Unit  7,  but  also  have  made  no  errors  on  Parts  I  and 
Iir  of  the  phase  checks  on  their  two  secondary  turrets.  All  other  men  will 
be  given  practice  exercises  correcting  mistakes  made  on  their  last  phase 
checks,  both  primary  and  secondary.  Students  who  have  not  been  taught  all 
secondary  turrets  are  to  have  practice  exercise  oh  the  remaining  turrets/. 

Aerial  proficiency  check. — The  ultimate  development  of  phase 
checks  as  training  aids  was  reached  with  the  construction  of  what 
were  known  as  flexible  gunnery  proficiency  checks.  These  checks 
embraced  everything  that  a  gunner  might  have  to  do  before,  dur¬ 
ing,  and  directly  after  a  mission  except  aiming  ,and  shooting 
activities,  and  were  so  planned  and  prepared  that  actual  combat 
'  conditions  and  sequences  of  activity  were  closely  simulated.  -  In 
going  through  the  steps  required  by  such  a  check  the  gunner  not 
only  learned  specific  procedures  but  also  gained  a  sense  of  his 
whole  job.  ' 


EVALUATION  OF  PHASE  CHECKS  IN  FLEXIBLE  GUNNERY 


It  is  impossible  to  estimate  accurately  how  much  the  use^  of 
phase  checks  contributed  to  the  proficiency  of  gunners  in  caring 
for  and  preparing  their  equipment.  Despite  their  theoretical 
advantages  and  value,  their  actual  worth  was  always  subject  to 
the  effective  use  made  of  them.  Although  they  were  adopted  for 
use  as  tests  of  proficiency  in  the  Training  Command  gunnery 
schools  early  in  1944,  they  were  not  wit  ty  used  in  the  training  of 
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gunners  until  early  in  1945,  when  the  aerial  warfare  of  Europe 
was  already  drawing  to  a  close.  Many  of  the  B-29  gunners  In 
the  Asiatic-Pacific  Theater  were  trained  and  assigned  to  combat 
dutiesbefore  the  appropriate  phase  checks  had  been  developed  and 
distributed.  Some  of  the  most  inclusive  phase  checks  for  the 
training  of  gunners,  the  aerial  proficiency  checks,  were  brought  to 
completion  at  just  about  the  time  the  heavy  bombers,  for  which 
they  were  prepared,  were  being  replacedvin  strategic  importance 
by  .the  larger  and  more  formidable  very-heavy  bombers. 

With  these  limitations  in  mind,  it  is  felt  that  phase  checks  were 
of  definite  value  to  the  flexible  gunnery  program  in  the  following 
two  ways:. 

1.  They  provided  an  excellent  means  of  training  gunners  to  pre¬ 
pare  and  care  for  their  equipment  correctly,  which  was  the  most 
important  secondary  aspect  of  their  job.  Each  time  a  gunner  per¬ 
formed  the  procedures  described  in  a  phase  check  booklet,  he  was 
learning  to  do  part  of  his  job  in  a  way  that  had  proved  to  be 
efficient  and  safe.  The  use  of  phase  checks  in  training  also  en¬ 
sured  that  gunners  were  being  trained  to  do  all  of  the  things 
determined  to  be  essential  in  the  correct  discharge  of  their  duties  ‘ 
in  caring  for  equipment. 

2.  They  provided  a  means  of  ensuring  that  every  gunner  who 
graduated  from  basic  j^unnejy  school,  or  from  a  combat,  crew 
training  station,  had  reached  certain  standards  of  proficiency  in  ' 
the  care  of  equipment 

It  was  apparent  to  those  who  had  occasion  to  work  with  phase 
checks  in  the  gunnery  training  program,  that  essentially  the  same 
testing  and  training  procedures  might  be  applied  effectively  to 
many  other  areas  of  military  and  civilian  performance.  As  a 
direct  test  of  the  individual's  ability  to  do  an  actual  job,  {he  phase 
check  has  the  advantage  of  almost  complete  validity  over  more 
indirect  measures,  such  as  written  examinations.  Phase  checks 
also  provide  a  sound  basis  for  training  by  describing  accurately 
and  completely  how  the  student  should  go  about  his  job.  In  the 
AAF  aircrew  training  program,  phase  checks  were  constructed 
and  used  in  the  training  and  testing  of  bombardiers.  The  British 
Royal  Air  Force  made  considerable  use  of  phase  check  procedures 
in  the  training  and  testing  of  gunners  using  English  equipment 
Possible  civilian  application?  are  too  many  to  enumerate  ad¬ 
equately.  Suggestive  examples  are  phase  checks  on  the  operation 
of  a  lathe;  the  overhauling  :f  an  automobile  engine;  surveying 
procedures;  cabinet  making;  v.nd  appendectomy  techniques. 
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SUMMARY 


Flexible  gunnery  phase  checks  consisted  of  complete*  detailed 
descriptions  of  the  behavior  involved  in  operating,  caring  for,  and  * 
checking  gunnery  equipment  They  were  organized  hr  terms  of 
discrete  units  of  behavior  to  permit  accurate  scoring  when  used 
as  a  test  and  accurate  diagnosis  of  student  difficulties  when  used 
as  a  training  device.  They  were  first  used  as  tests  only,  but  were 
gradually  used  more  widely  as  bases  for  training  gunners  in  the 
care  of  their  equipment  in  the  AAF  Training  Command  gunnery 
schools  and  in  the  combat  crew  training  stations  of  the  training 
air  forces.  They  were'instrumental  in  standardizing  the  training 
of  gunners  in  the  care  and  use  of  their  equipment,  and  they  pro-  > ' 
vided  a  means  of  ensuring  that  gunners  reached  certain  standards 
of  performance  in  such  areas.  The  use  of  phase  checks  or  of 
similar  performance  tests  in  other  types  of  training  programs, 
both  civilian  and  military,  would  appear  promising. 

*  .  >  “  . 
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CHAPTER  NINE _ 

The  Evaluation  of  Training 
Devices  and  Procedures 

Capt.  Theodore  R.Vallancb  ;  • 
and 

Lt.  William  B.  Schrader 


INTRODUCTION 

During  the  period  between  the  two  wars,  and  through  part  of 
the  period  just  preceding  World  War  II  during  which  the  Army 
Air  Forces  was  expanding,  the  field  of  flexible  gunnery  lay  in  con¬ 
siderable  neglect.  With  the  realization  of  the  importance  of 
heavy  bombardment  aircraft  and  of  their  defense  from  fighter 
attack,  interest  in  the  training  of  gunners  was  rapidly  revived. 

The  people  originally  assigned  tocevelop  a  new  flexible  gunnery’ 
program  displayed  marked  energy  and  ingenuity.  Starting  with 
practically  no  background  in  gunnery  and  very  little  equipment, 
they  accomplished  a  great  deal  in  setting  up  efficient  physical 
plants  and  devising  clever  and  worthwhile  training  methods  and 
devices.  It  was  unfortunate,  however,  from  a  psychologist’s  or 
an  educator’s  point  of  view,  that  the  work  was  not  preceded  by 
more  careful  planning  and  experimental  evaluation  of  a  psycho¬ 
logical  nature.  Such  work  might  have  prevented  the  adoption 
and  subsequent  entrenchment  of  several  training  doctrines  and 
procedures  of  doubtful  value,  and  might  have-fostered  the  more 
rapid  development  of  educational  techniques  long  recognized  for 
their  value. 

The  original  Psychological  Research  Detachments,  in  seeking 
suitable  measures  of  various  aspects  of  gunnery  proficiency,  soon 
realized  the  lack  of  integration  in  gunnery  training  methods  and 
in  methods  for  assessing  such  training.  A  serious  need  was  ap¬ 
parent  for  further  research  directed  ■  oward  the  establishment  of 
a  satisfactory  criterion  of  gunnery  proficiency  and  the  improve¬ 
ment  of  gunnery  training  methods. 

The  many  difficulties  involved  in  thi  development  of  a  suitab  e 
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criterion  of  gunnery  proficiency  are  described  in  chapter  5.  The 
following  pages  are  devoted  to  summarizing  experimental  evalua¬ 
tions  of  specific  methods  used  in  the  training  of  gunners.  The 
procedure  will  be,  in  general,  to  describe  briefly  a  training  device 
or  procedure,  to  show  its  place  in  the  training  program,  and  then 
to  summarize  investigations  of  it,  giving  significant  data  on  the 
reliability  of  scores  obtained,  the  amount  of  learning  realized,  and 
the  degree  of  transfer  of  training  to  selected  criteria.  The  mate¬ 
rials  are  presented  in  the  approximate  order  in  which  a  gunnery 
student  would  meet  each  type  of  training  situation  while  going 
through  school:  Ranging  and  Tracking  Trainers,  Deflection 
Trainers,  Shotgun  Ranges,  Machine  Gun  Ranges,  and  Air  Train¬ 
ing  Procedures.  Within  each  category,  the  individual  summaries 
are  presented  in  the  approximate  chronological  order  in  which  the 
training  method  was  introduced  into  the  program.  Two  studies, 
difficult  to  classify,  and  a  summary  conclude  the  chapter. 

RANGING  AND  TRACKING  TRAINERS 

In  tWe  earlier  days  of  flexible  gunnery  training,  it  was  consid¬ 
ered  necessary  to  give  much  training  in  estimation  of  range. 
This  was  due  largely  to  the  requirements  of  the  apparent  motion 
system  of  sighting  then  in  use,  wherein  the  gunner  used,  his  sight 
to  estimate  the  range  of  a  target  plane,  to  determine  the  speed  and 
line  of  its  apparent  motion,  and  to  predict,  on  the  basis  of  this 
information,  where  the  plane  would  be  by  the  time  his  bullets  had 
covered  the  estimated  range.  The  gunner  could  then  point  the 
guns  at  this  predicted  area. 

The  Reflect  one  Trainer 

Description . — Several  devices  were  used  to  train  gunners  to 
estimate  range.  Among  those  most  widely  used  was  the  Reflec- 
tone  Range  Estimation  Trainer,  a  device  measuring  about  10  feet 
in  length  by  5  feet  in  height  and  2  feet  in  width.  The  gunner 
looked  through  an  aperture  in  one  end  anti  saw  a  reflection  of  n 
model  plane  whose  apparent  range  was  varied  by  varying  the  dis¬ 
tance  between  two  mirrors  by  means  of  an  electrically-driven 
system  controlled  by  the  student.  A  dial  near  thG  student  re-, 
corded  the  simulated  distance;  in  addition  there  were  switches 
controlling  the  direction  of  movement  of  the  plane  and  a  knob  by 
means  of  which  its  attitude  could  be  varied.  The  gunner's  task 
was,  knowing  the  wingspan  of  the  plane  and  the  diameter  in  mils 
of  his  sight  reticle,  to  adjust;  the  apparent  range  of  the  plane  to 
any  given  distance  (usually  -.00  yards,  since  this  was  considered 
a  critical  range  for  opening  fire) .  The  device  could  also  be  set 
with  the  plane  at  some  select- d  range  and  the  student  required  to 
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report  the  simulated  range  of  the  setting;  this  was  considered  a 
static  situation,  however,  and  its  use  was  not  encouraged.  Soma 
of  the  early  work  of  the  gunnery  psychologist  was  concerned 
with  the  evaluation  of  the  Reflectpne  Trainer.  The  studies  sum-, 
marized  here  were  concerned  with  the  amount  of  learning  realized 
on  the  trainer  and  the  reliability  of  the  scores  obtained.1  Lack  of 
an  external  criterion  prevented  studies  of  the  validity  of  the 
trainer. 

Learning  and  reliability  studies  under  classroom  conditions . — 
The  Reflectone  Trainer  was  observed  under  both  classroom  and 
controlled  conditions.  In  classroom  procedure  the  students  were 
divided  into  coach-and-pupil  pairs.  After  taking  his  place  at  a 
machine,  the  pupil  attempted  to  identify  the  plane  and  give  its 
wingspan.  After  correction  by  the  coach  as  necessary,  the  stu¬ 
dent  then  calculated,  or  remembered,  how  much  of  the  radius  of 
his  sight  would  be  filled  by  a  plane  of  the  indicated  wingspan.  He 
then  began  actual  practice  at  estimating  this  range.  With  the 
plane  approaching  him  from  a  distance  of  l,000,yards,  the  pupil 
would  stop  the  machine  when  he  judged  the  plane  to  be  at  600 
yards.  The  coach  reading  the  dial,  informed  the  pupil  of  the 
direction  and  magnitude  of  his  error,  and  recorded  his  error 
score.  Pour  such  settings  were  made  on  each  of  10  machines,>in 
which  different  planes  were  mounted,  after  which  the  procedure 
would  be  repeated  with  the  coach  and  pupil  changing  places. 
There  was  reason  to  believe  that  coaches  were  not  as  precise  in 
their  scoring  as  they  could  have  been. , 

An  analysis  of  the  scores  of  three  classes  revealed  that  very  lit* 
tie  learning  took  place  during  15  trials  of  ten  settings  each.  The 
data  are  shown  in  figure  9.1. 

Reliability  coefficients  for  one  class  (4&-22,  Buckingham, 
N=108)  were  computed  using  the  Kuder-Richardson  Formula  20 
and  found  to  be  0.75,  which  was  considered  satisfactory.  It  was 
recognized  that  this  value  depended  upon  the  carefulness  of  the 
.coach  in  recording  scores  as  well  as  upon  the  consistency  of  per¬ 
formance  of  the  pupil. 

Studies  of  learning  under  controlled  conditions.— Two  experi¬ 
mental  observations  were  made  to  study  learning,  since  it  was 
clear  that  several  uncontrolled  factors  were  influencing  the- scores 
derived  from  the  classroom  situations. 

The  first  experiment  employed  as  subjects  20  students  from 
Buckingham  class  43-22  in  their  second  week  of  training.  None 
had  any  previous  experience  cn  the  *  ainer,  Ten  machines  were 
used,  containing  planes  assigned  in  random  order  with  regard  to 

*  These  experiments  were  designed,  conducted,  end  srted  !>'/  t-t-  George  J.  Wlecbner. 
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the  four  wingspan  classes  (30,  35,  40,  and  50  feet)  The  subjects 
were  divided  into  two  equal  groups  which  were  run  separately  on 
alternate  evenings,  with  each  subject  making  four  consecutive 
estimates  of  600  y?;\‘ls  on  each  of  the  10  machines  in  rotation,  a 
total  of  40  settings  per  session.  Subjects  were  instructed  to  note 
their  scores  after  each  setting.  All  subjects  were  available  for 
three  sessions,  but  only  half  completed  the  final  session,  admini¬ 
strative  difficulties  precluding  the  presence  of  the  other  half  of  its 
last  session. 

\The  second  experiment  was  planned  to  simplify  the  student's 
problem  and  to  facilitate  learning  of  a  specific  performance, 
namely,  the  setting  of  a  single  plane  at  a  given  range.  Two  train¬ 
ers  were  used,  both  containing  Japanese  fighter  planes  of  35-foot 
wingspan  class.  The  10  subjects,  not  gunnery  students,  were  to 
stop  the  movement  of  the  plane  as  it  reached  600  yards  from  an 
original  distance- of  1,000  yards;  otherwise  stated,  they  were  to 
stop  the  movement  when  the  plane  filled  of,  or  slightly  more 
than  half,  the  radius  of  the  70  mil  sight.  Each  subject  made  40 
successive  settings  daily  for  five  successive  days,  for  a  total  of  200 
settings.  Knowledge  of  results  followed  each  setting. 

The  results  of  both  experiments  are  given  in  figure  9.2,  each 
point  representing  the  average  setting  error  for  one  session  (40 
settings) .  In  the  first  experiment  the  difference  between  the  first 
and  fourth  sessions  was  10  yards.  In  the  second  experiment,  the 
difference  between  the  initial  and  final  sessions  was  18  yards.  - 

In  both  •  experiments,  statistically  significant  drops  in  error 
occurred  only  between  the  first  and  second  trials.  The  fact  that 
all  plotting  points  for  the  second  experiment  were  below  those  for 
the  first  was  probably  due  to  the  greater  ease  of  the  task  in  the 
second  experiment,  wherein  the  subjects  had  to  deal  with  only  one 
wingspan  and  only  two  machines. 

Qualitative  observations  and  interviews  with  the  subjects  re¬ 
vealed  that  from  the  time  the  subject  turned  off  the  motor  switch 
the  plane  moved  approximately  another  20  yards.  There  ap¬ 
peared  to  be  little  doubt  that  the  subjects  learned  to  use  time  cues, 
brightness  cues,  and  possibly  sound  cues  inherent  in  the  machine 
in  order  to  improve  their  scores.  As  a  result  of  these  studies,  the 
amount  of  time  scheduled  in  the  curriculum  for  practice  on  this 

trainer  was  considerably  reduced. 

Evaluation. — -Although  the  trainer  could  be  used  to  assist  in  air¬ 
craft  recognition  training,  and  also  *‘0  give  the  student  practice  in 
deciding  which  wingspan  class  a  g.  /en  plane  fell  in,,  it  seemed 
that  the  primary  contribution  of  the  trainer  should  be  in  the  direc¬ 
tion  of  improving  the  student’s  abil!  '  to  differentiate  different 
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proportions  in  his  sight  reticle  filled  by  various  planes,  assuming 
that  this  ability  was  subject  to  modification.  The  data  reported 
did  not  indicate  that  the  trainer  modified  this  perceptual  ability 
appreciably.  There  was  also  good  reason  to  suspect  that  the  im¬ 
provement  realised  in  both  the  classroom  and  the  experimental 
situation  was  due  hot  to  improvement  in  the  discriminatory  abil¬ 
ity,  but  largely  to  such  things  as  adaptation  to  the  machine,  adjust¬ 
ment  to  variability  between  machines,  use  of  extraneous  cues,  and, 
particularly,  compensation  for  the  amount  of  error  previously  in¬ 
dicated  on  the  dial  without  regard  to  how  much  of  the  radius 
actually  appeared  to  be  filled.  It  will  be  noted  that  in  no  base  did 
the  mean  error  of  the  settings  decrease  by  more  than  14  yards  for 

,  the  apparent  range  of  600  yards. 

>  » 

>  The  Full  Scale  Range  Estimation  Range 

i  Description. — In  an  attempt  to  provide  some  realistic  training 

i  in  the  recognition  and  estimation  of  range  of  aircraft,  several  out- 
1  door  training  ranges- were  constructed  at  various  gunnery  schools.. 

In  general,  these  ranges  consisted  of  a  large  open  area  across  one  - 
end  of  which  was  a  line  of  sighting  stations  equipped  with  70  mil 
sights ;  at  proper  distance  in  front  of  this  line  there  were  large 
signs  indicating  ranges,  usually  in  multiples  of  100  yards.  Stu¬ 
dents  called  out  their  estimates  of  the  range  of  airplanes  approach, 
ing  at  low  altitudes,  and  instructors  in  the  target  planes  used  the 
signs  as  a  basis  for/ radioing  the  correct  range  to  instructors  and 
students.  This  was  admittedly  a  very  crude  sort  of  training  ■ 
method,  and  not  at  all  amenable  to  objective  evaluation.  A  me* 
chanlcal  recorded  was  developed  at  one  school  but  was  not  adopted 
as  standard  equipment 

Use  of  gun  camera  in  range  estimation  training. — As  computing 
I  sights  became  available  it  became  possible  to  obtain  through^  the 
use  of  the  gun  camera  a  measure  of  student  performance  in  op¬ 
erating  the  sight  The  proper  operation  of  a  computing  sight 
required  that  the  gunner  mechanically  adjust  a  variable  set  of  ver¬ 
tical  lines  in  the  reticle  to  make  them  equal  to  the  apparent  wing¬ 
span  of  the  target  plane  and  at  the  same  time  keep  the  center  of 
the  reticle  on  the  plane's  nose.  The  Full  Scale  Range  Estimation 
Ranges,  as  they  continued  to  be  called,  offered  possibility  for  eco¬ 
nomical  practice  of  the  skills  involved,  with  evaluation  of  perform¬ 
ance  being  accomplished  through  the  use  of  gun  cameras,  mounted 
on  the  sights,  which  would  photograph  both  the  approaching  plane 
and  the  sight  reticle.  Las  Vegas  and  Kingman  gunnery  school* 
were  primarily  responsible  for  developing  this  range. 

Evaluation  of  use  of  gun  camera. — Early  in  1945  an  evaluation 
j  of  this  training  was  directed.  .Representatives  of  the  Research 

y 
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Division  reported  to  Las  Vegas  to  observe  training  and  obtain  ex¬ 
posed  film  for  analysis.  There  the  sighting  line  mounted  12 
Sperry  upper  turrets  and  12  Sperry  lower  ball  turrets;  Each 
student  received  2*4  hours  of  turret  operation  on -the  range.  The 
last  instruction  period  was  devoted  to  exposing  25  feet  of  .film  per 
student,  each'  firing  at  4  attacks,  with  the  camera  operating 
throughout  each  attack.  In  scoring,  the  tracking  error  for  a 
•given  frame  was  defined  as  the  distance  in  mils  from  the  center 
of  the  reticle  to  the  nose  of  the  attacking  plane;  the  ranging  error 
was  defined  as  the  difference  in  mils  between  the  Wingspan  of  the- 
attacking  plane  and  the  distance  between  the  adjustable  vertical  • 
lines  of  the  sight  reticle.  If  less  than  five  frames  per  attack  were 
scorable  for  ranging  error  or  tracking  'error,  the  attack  was  re¬ 
jected.  If  a  student  was  scored  on  less  than  two  valid  attacks 
with  respect  to  either  ranging  or  tracking,  his  film  was  rejected 
altogether. 

Scoring  and  analysis  of  8,500  feet  of  film,  thus  exposed, .revealed 
some  interesting  facts.2  Of  the  total  amount  of  film  exposed,  only 
about  4,000  feet  were  scorable  according  to  the  criteria  mentioned 
above.  The  rejection  of  film  was  mainly  attributable  to  difficulties 
with  photographic  techniques.  Improper  labeling  made  the  dif-. 
ferentiation  of  film  from  upper  and  ball  turrets  impossible.  Data 
are  reported  for  the  total  amount  of  Scorable  film.  The:  -  were,  on 
the  average,  3.6  tracking  attacks  per  student  with  11.5  scorable 
frames  per  attack,  and  3.2  scorable  ranging  attacks  per  student 
with  8.6  scorable  frames  per  attack.  Tables  9.1  and  0,2  present" 
the  data  on  the  reliabilities  of  scores  obtained.  The  last  column 
presents  estimates  of  reliability  for  total  score  on  each  pair  of 
measures  studied,  based  on  the  Spearman-Brown  formula.  .  , 


Table  9.1. — Intercorrclations  of  Sperry  ranging  errors:  Meant  and  standard 
deviations,  in  mils;  and  product  moment  coefficients  (Las  Vegas,  first  quar- 
ten,  1945) 


i  Variables  correlated  - 
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i  0.32 

0.49 
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}  .40 
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10.20 
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Average  odd .  . .  .. 

114 

10.23 

5.71 

Average  even  attacks _ 

114 

10.80 

7.15 

r  .41 

‘Obtained  r. 

1  Reliability  corrected  by  8pearman-Brown  formula.  ■ 


*  Tho  project  officer  for  this  study  was  Lt  Estan  W.  Ray,  who  was  assisted  by  Lt.  Tnomag 
Gallagher. 
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It  is  seen  that  neither  ranging,  nor  tracking  scores  based  on  the 
small  number  of  scorable  attacks  obtained  under  the  establish^ 
procedure, 'had  sufficiently  high  reliability  to  provide  a  fully  satis, 
factory  measure  of  a  student's-proficiency.  .  . 


Table  9.2. — Inter  correlation*  of  Sperry  tracking  error*:  Mean*  and  ttandari 
deviation*  in  mii*;  and  product  moment  coefficient*  (La*  Vega*,  firtt  quar¬ 
ter,  1945) 


Conclusions. — As  a  result  of  this  study  it  was  recommended  that 
unless  the  amount  of  film  exposed  could  be  sufficiently  increased 
and  the  developing  and  scoring  of  the  film  done  with  extreme 
care,  the  use  of  film  on  the  range  should  be  eliminated  as  super¬ 
fluous.  The  observed  shortcoming  of  the  use  of  gun  camera  film 
on  the  range  was  recognized  as  not  due  to-the  ineptness  of  those 
who  planned  it  The  limited  amount  offilm  available  was  insuffi¬ 
cient  and  could  not  be  increased  because  air  training  commanded 
first  priority  on  film  stocks  arid  processing  facilities;  the  range 
used  only  odds  and  ends  of  film  left  over.  It  was  pointed  out 
however,  that  the  practice  realized  by  gunners  in  loading  and 
operating  gun  cameras  would  be  worthwhile  as  training  in  transi¬ 
tion  to  the  air  phase,  but  the  time  and  personnel  required  for 
developing  and  scoring  the  film  was  considered  as  not  worth  the 
small  and  dubious  benefits  derived. 

RCAF  Range  Estimation  and  Aircraft  Recognition  Trainer 

Another  device  considered  for  teaching  range  estimation  was 
one  developed  by  the  Royal  Canadian  Air  Force. 

Description . — This  was  a  device  which  consisted  of  three  main 
parts.  There  was  a  set  of  12  gimbals  mounted  in  2  banks  of  6 
each,  1  approximately  2  feet  above  and  to  the  rear  of  the  other. 
Each  gimbal  mounted  a  Mark  11A  fixed  optical  sight  (a  Canadian? 
.model  similar  to  the  N”6)  which  showed  a  70-mil  reticle;  a  trigger 
button  was  located  on  the  right  handle  of  each  unit.  There  was 
a  motion  picture  projector  which  used  a  16mm.  film  of  ll  minutes 
duration  showing  head-on  attacks  by  German  and  Allied  aircraft 
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And  there  was  a  paper  tape  recording  machine  synchronized 
with  the  projector.  From  the  start  of  each  attack  an  auto¬ 
matically  energized  solenoid  caused  a  key  to  record  along  one  edge  . 
of  the  tape  each  100  yards  of  progress  represented  by  the  picture.  * 
The  recorder  also  contained  a  recording  key  for  each  sighting 
station,  which  registered  when  the  student  at  each  station  indi¬ 
cated,  by  pressing  the  trigger  button,  the  approaching  plane  to  be 
at  any  specific  range.  The  amount  of  error  in  each  student’s 
estimate  was  read  through  a  transparent  scale  based  upon  the 
distance  between  the  100  yard  marks. 

The  device  gave  practice  in  the  recognition  of  aircraft  and1  in 
learning  the  amount  of  a  sight  reticle  that  would  be  filled  by  a 
wingspan  of  a  given  length  at  a  given  range.  However,  since 
these  two  things  could  be  taught  by  other  less  complicated  means, 
it  was  decided  that  the  trainer  would  be  evaluated  for  its  contri¬ 
bution  to  the  guner’s  ability  to.  make  the  perceptual  judgment  of 
just  when  a  known  proportion  of  the  diameter  of  the  sight  reticle 
was  filled  by  the  expanding  wingspan  of  an  approaching  plane. 

Experimental  procedure. — Twelve  basic  gunnery  student  who 
had  completed  4  weeks  of  training,  including  sighting  and  the 
use  of  optical  sights  in  the  estimation  of  range,  served  as  subjects 
in  the  experiment.3  Nineteen  trials  of  20  attacks  each  were 
given  in  9  sessions  over  a  period  of  17  days.  Before  each  attack  . 
the  name  of  the  plane,  its  wingspan,  and  the  approximate  propor¬ 
tion  of  the  reticle  which  the  wingspan  should  fill  at  600  yards  - 
range  was  read  to  the  subjects.  After  each  attack  the  apparatus 
was  turned  off,  and  the  ranges  which  the  subjects  had  estimated 
to  be  600  yards  were  read  by  the  experimenter.  After  each  trial 
the  subjects  were  given  a  10  minute  rest,  during  which  time  the 
film  was  rewound.  The  same  film  was  used  throughout  the  exper-  ■ 
iment.  The  twelfth  trial  consisted  of  an  individual  test- for  each  . 
subject,  the  main  purpose  of  this  being  to  determine  the  suggestion 
effect  occasioned  by  the  ability  of  each  subject  to  hear  the  buzz  of 
the  recorder  each  time  another  subject  inG.*cated  his  judgment  that 
the  target  plane  had  reached  600  yards.  The  nineteenth  trial 
was.  also  an  individual  test  intended  to  determine  whether  or  not 
individual  performance  as  measured  at  trial  12  had  been  improved 
by  further  group  practice. 

Two  measures  were  used  and  computed  for  each  trial:  (a)  the 
arithmetic  means  of  errors,  i.e.,  the  mean  of  estimates  regardless 
of  whether  over  or  under  600  yards,  'uid  (b)  the  standard  devia¬ 
tion  of  the  actual  estimate.  The  computation  of  the  second 

~Tho  experiment  was  directed  by-C.pt.  Theodore  Vallnnce.  assisted  by  Lt  Jamea.F. 
Lawrence. 
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measure  turned-  out  to  have  been  somewhat  superfluous  since  it 
correlated  0.993  with  the  first 

Experimentairesults. — The  results  of  the  practice  are  shown  in 
table  9.3  and  are  graphically  portrayed  in  figure  9.3.4  Learning 
did  occur  in  the  early  trials,  but  it  is  seen  that  there  was  no 
definite  trend*  of.  improvement  beyond  the  seventh  trial.  Results 
on  the  two  individual  trials  (12  and  19)  were  not  conclusive. 
Trial  19  was  given  after  the  students  had  completed  their  gunnery 
training,  so  that  the  relatively  poor  performance  on  this  trial  was 
attributed  in  part  to  loss  of  interest  in  the  experiment.  Scores 
on  trial  12  suggested  that  the. effect  of  hearing  the  buzzers  on 

the  group  trials  was  not  particularly  great. 

«  / 

Table  9.3.— Learning  on  the  RCAF  range  estimation -trainer:  Arithmetic 
‘mean  errors,  in  yards,  in  estimating  ranges  of  6CO  yards  (N~12,  Bucking¬ 
ham,  Jtth  quarter,  19+3) 
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As  a  result  of  these  findings  it  was  recommended  that  the 
trainer  be  adopted  for  general  use  as  a  range  estimation  trainer, 
but  nothing  came  of  this  because,  it  was  later  decided  to  treduce 
the  emphasis  on  training  in  range  estimation,  . 

The  E-8  Spotlight  Trainer 

Background  and  description. — One  of  the  earliest  tracking 
training  procedures  in  flexible  gunnery  made  use  of  a  turret 
situated  in  a  shed,  the  ceiling  of  which  was  a  quarter  of  a  sphere, 
having  a  radius  of  about  10  feet,  with  its  lowest  part  approxi¬ 
mately  on  a  level  with  the  top  of  the  turret.  Painted  on  this' 
ceiling  were  several  curved  and  straight  lines.  It  was  the  task 
of  the  gunner  in  the  turret  to  track,  following  these  lines.  After 
a  few  minutes  of  this  practice  gunners. usually  became  bored  and 
lost  interest.  The  advent  of  the  E~8  Spotlight  Trainer  greatly 
improved  the  value  of  this  general  form  of  tracking  practice. 
The  E-8  consisted  of  three  parts:  an  electrically-driven,  cam-con¬ 
trolled  projector  which  projected  a  moving  spot  of  light  on  the 


*"•  J*  most  instances  where  learning  curve,  are  presi  J.  they  aroaccompanlcdby  table, 
to  provide  more  accurate  numerical  data. 
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ceiling;  a  photo-electric  cell  mounted  on  the  turret  in  place  of 
guns  and  harmonized  with  the  sight  ;  and  a  shot  and  hit  counter 
unit  which  recorded  shots  when  the  student  had  his  triggers  de¬ 
pressed,  and  hits  whenever  the  photo-cell  was  pointed  directly  at 
the  spot  of  light  while  the  triggers  were  depressed.  The  recorder 
contained  a  sounder  which  could  be  set  to  represent  either  shots 
or  hits.  The  E-8  appeared  to  be  quite  welt  constructed,  for  only 
a  relatively  small  amount  of  mechanical  failure  was  reported. 

The  sound  of  shots  being  fired  or  of  hits  being  scored  enhanced 

students’  interest  in  the  practice.  > 

The  value  of  the  trainer  in  the  form  just  described  was  limited 
by  the  fact  that  the  sight  had  to  be  pointed  directly  at  the  target 
(spot  of  light)  in  order  for  hits  to  be  recorded.  Clearly  the 
training  was  of  no  value  in  developing  proficiency  in  using  the 
Position  Firing  system  of  sighting,  which  required  the  laying  off 
of  deflections  varying  in  size  according  to  the  angle  of  the  target 
from  the  bomber’s  line  of  flight  That  the  trainer  was  of  value 
in  developing  familiarity  with  the  turret  and  skill  in  its  manipula¬ 
tion  was  never  seriously  questioned. 

The  Sperry  Gyroscope  Company  developed  a  variation  of  the 
E-8  for  use  with  computing  sights.  The  problem  presented  by 
this  modification  required  that  the  gunner,  by  controlling  the 
sight’s  adjustable  reticles,  frame  a  variable-sized  spot  of  light 
which  moved  about  the  ceiling.  With  the  sight  pointing  directly 
at  the  spot  and  the  reticles  being  the  proper  distance  apart,  hits 
would  be  recorded  when  the  gunner  pressed  his  trigger.  Al¬ 
though  this  form  of  the  trainer  provided  probably  useful  practice 
in  the  operation  of  computing  sights  and  produced  satisfactory 
motivation  of  students,  the  scores  which  it  yielded  were  not  very 
reliable.  Attempts  were  continually  under  way  to  improve  the  . 
device.  One  such  improvement  was  on  the  verge  of  adoption  at 
the  close  of  the  war. 

Reliability  of  scores.— At  one  time  the  scores  on  the  Spotlight 
Trainer  were  used  as  a  part  of  the  gunner’s  permanent  record. 

A  reliability  study  on  this  trainer  was  conducted,  using  the 
records  of  approximately  300  students,  each  of  whom  fired  2  trials 
of  1,000  shots.5  The  students  were  divided  at  random  into  43 
groups  averaging  7  men.  each,  arid  each  group  was  assigned  to 
a  specific  turret.  Prior  .to  the  first  te-t  trial,  each  subject  had  had 
approximately  3  hours  of  actual  turrev,  manipulation.  The  second 
test  trial  was  given  1  week  after  the  first  and  was  preceded  by 
an  hour  of  practice.  It  was  found  teat  a  gain  in  percent  hits 

*  This  Investigation  was  conducted  and  reported  by  !  t.  John  O.  O'Har*. 
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occurred  on  the  second  trial,  and  that  this  gain  was  significant  at 
the  1  percent  level,  as  reported  in  table  9.4. 


TABLE  9.4. — Test-retest.rcliability  of  ES  spotlight  trainer  scores  and  reliabil¬ 
ity  of  gain  on  second  trial  for  trials  of  1,000  shots  each  ( approximately  300 
cases,  Buckingham,  April  19U) 
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i  Product-moment  coefficient  corrected  (or  heterogeneity  of  samples.  8ce  May,  M.  A.,  A. 
method  of  correcting  coefficients  of  correlation  (or  heterogeneity  In  the  data,  J.  JSatze. 
Ptvchol.,  1029,  20,  86-02.  .  ...... 

•  A  difference  as  large  as  that  obtained  would  be  expected  to. arise  by  chance  less  than  1 

time  in  100.  , 


As  a  means  of  determining  whether  significant  variations  in 
the  scores  obtained  by  students  assigned  to  different  turrets  oc¬ 
curred,  the  reliability  of  the  difference  between  the  mean  of  .each 
of  the  43  sub-groups  and  the  mean  of  the  total  group  was  calcu¬ 
lated.  It  was  found  that  18  of  the  43  differences  were  reliable 
at  the  1  percent  level.  It  was  considered  that  this  variation  wus 
the  result  chiefly  of  differences  in  the  functioning  of  the  various  ■ 
trainer  units,  since  the  43  groups  were  formed  unsystematically. 

The  correlation  between  scores  on  the  two  trials  was  found 
to  be  0.61.  It  was  believed,  however,  that  this  was  an  over-esti¬ 
mate  of  the  reliability  in  view  of  the  evidence  of  differences  among 
turrets.  As  reported  in  table  9.4,  the  estimate  olreliability,  after 
correction  for  heterogeneity  among  the  groups,  turned  out  to  be 
0.42.  As  a  further  estimate  of  reliability,  Spearman  rank  dif¬ 
ference  correlations  were  computed1  for  each  of  the  43  groups 
separately.  The  mean  of  the  rho’s  so  obtained  was  0.42.  This 
value  may  be  considered  to  be  a  conservative  estimate  of  the 
reliability  of  these  scores. 

On  the  basis  of  this  study,  it  was  recommended  that  scores  on 
the  E— 8  trainer  not  be  used  to  compare  students  with  one  another. 

Learning  on  the  E-8  Trainer.— That  learning  could  be  obtained 
on  the  Spotlight  Trainer  was  shown  in  a  study  conducted  at 
Buckingham  in  1944,  wherein  20  untrained  gunners  were  given 
27  trials  of  10  minutes  each  in  the  Martin  turret.®  The  mean 
percent  of  hits  on  each  trial  is  reported  in  table  9.5  and  figure  9.4. 
It  will  be  noted  that  after  about  the  twentieth  trial  proficiency 
ceased  to  be  improved  appreciably. 


iTho  project  officer  (or  this  study  was  Capt.  Macon  Halro,  vho  was  assisted  by,  SgL 
Rudolph  Goodman. 

703320 — 47—11 
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TABLE  9.5.— Lea  ram*  on  the  E-S  spotlight  trainer:  Mean  percent  hits  ob¬ 
tained  6y  go  untrained  subjects  on  each  of  g7  trials,  ( Buckingham,  first 
quarter,  19U)  ’ 


Transfer  of  training. — It  was  generally  agreed  that  the  Spot> 
light  Trainer  was  probably  an  excellent  practice  device,  but  no 
objective  tests  of  the  validity  of  this  agreement  were  conducted 
until  the  3d  quarter  of  1944,  when  an  experiment  was  conducted 
in  collaboration  with  the  Department  of  Psychology  of  the  School 
of  Aviation  Medicine  for  the  purpose  of  determining  the  influence 
on  gun  camera  proficiency  of  practice  on  the  Sperry  modification 
of  the  Spotlight  Trainer.7  The  details  of  the  pretest  and  post-test 
gun  camera  missions  and  the  method  of  scoring  gun  camera  film, 
are  described  in  the  sections  of  this  report  dealing  with  theD.eVry 
Panoramic  Trainer  and  with  the  gun  camera.  .  -  -  :  r 

Following  the  3  pretest  gun  camera  missions,  the  16  graduate 
gunners  who  flew  their  mission?  in  the  Sperry  upper  turret  were 
given  24  trials  on  the  Sperry  modification  of  the  Spotlight  Trainer 
at  an  average  fate  of  2  trials  daily;  each  trial  lasted  for  15  min¬ 
utes.  After  this  practice,  the  subjects  flew  three  more  gun' 
camera  missions  as  before.  The  pretest  and  post-test  scores  and 
the  magnitude  and  significance  of  their  differences  are  shown 
in  table  9.6.  .  -  ^ 

Table  8.6. — Gun  camera  proficiency  as  influenced  by  practice  on  the  Sperry 
spotlight  trainer:  Means,  standard  deviations,  and  significance  of  differ¬ 
ences  between  means  of  mil  errors  in  framing  andtr aching  with  the  Sperry, 
upperturret  on  S  missions  before  and  after  practice  on  the  spotlight  trainer 
(N=1S,  Laredo,  third  quarter,  19H)  •  -  . 
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1  Difference  'would  occur  by  chance  les*  than  2  time*  Jn  100, 

•  TCapt.  Moncrleft  H.  Smith  represented  the  School  oC  Aviation  Medicine;  Cupt. 
Halre,  and  S/Sgt.  Rincr  C.  Payne  represented  the  Retc'.fSh  Dl7l3lcn,  ^  , 
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The  Sperry  framing  error  showed  no  significant  change  as  a 
consequence  of  practice  on  the  Spotlight  Trainer,  but  the  Sperry 
tracking  error  showed  a  decrease  significant  at  the  2  percent  level 
Despite  the  unreliability  of  scores  derived  from  the  training 
period  (see  below)  the  trainer  apparently  did  give  some  worth¬ 
while  practice  in  tracking.  This  interpretation  must  be  consid¬ 
ered  tentative  in  the  absence  of  a  control  group. 

Information  on  the  reliability  of  the  scores  derived  from  the 
Sperry  modification;  of  the  E-8  was  obtained  in  this  study. 
Though  no  data  were  reported  on  the  reliability  of  the  training 
scores.,  the  report  of  the  project  indicated  that  within  a  single  day 
the  scores  obtained  varied  as  much  as  1,000  percent,  and  that 
within  the  entire  period  of  training  they  varied  10,000  percent, 
making  a  detailed  statistical  analysis  of  the  scores  hardly  worth¬ 
while.  •" 

•  B~29  Manipulation  Trainer 

Description. — The  only  ground  range  used  in  the  B-29  training 
program  which  involved  a  relatively  new  departure  was  the 
Manipulation  Trainer.  On  this  range  the  gunner,  using  standard 
B-29  sighting  equipment  mounting  gun  cameras,  was  required 
to  track  and  frame  fighter  planes  flying  attacks  on  ground  posi¬ 
tions.  The  gun  camera  film  provided  a  record  of  performance. 
(A  similar  range  had  been  used  at  Kingman  in  training  basic 
gunners  but  this  was  never  adopted  as  a  part  of  basic  gunnery  ' 
training.) 

Learning  on  the  B-29  Manipulation  Trainer. — A  learning  curve 
for  B-29  tracking  and  framing  scores  was  determined  on  the 
basis  of  the  performance  pf  202  gunners,  in  class  225  at  Bucking¬ 
ham.8  Class  225  was  one  of  the  first  classes  to  use  this  range  as 
part  of  the  12-week  course  for  B-29  gunners.  Data  represent 
scores  made  on  practice  during  February  and  March  of  1945^.  In 
addition  to  scored  trials,  the  gunners  were  given  an  unspecified 
amount  of  “dry  tracking”  practice  on  this  range  during  this 
period.  Moreover,  since  the  trials  were  given  at  intervals  of 
about  a  week,  training  on  other  ranges  and  trainers  may  have 
affected  proficiency.  The  learning  curves  for  average  errors  in 
tracking  and  framing  are  shown  in  figure  9.5,  and  the  supporting 
data  in  table  9.7.  It  is  apparent  that  improvement  occurred  on 
this  trainer,  and  that  the  improvement  in  scores  was  relatively 
more  rapid  during  the  first  two  trials.  However,  at  least  four 
trials  on  this  range  appeared  to  be  desirable.  ' 


•  ThI*  study  was  mads  by  Lt.  Ingraham  Humphrey  and  CpL  Jerry  Olbia*. 
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•  UEAN  EM  OP  IN  MILS 


TXale  9.7. — Learning  curve  data  for  tracking  and  ranging  error »  on  B-it 
manipulation  trainer  (N=*£QS,  elate  2i5:  Buckingham,  Fehruary-MarcK 

ms) 


No  studies  of  reliability  or  validity  of  this  range  were  done. 
It  was  apparent  that  the  practice  on  the  use  of  equipment  provided 
on  this  range  was  quite  realistic.  In  view  of  the  fact  that  combat 
type  sighting  equipment  was  used,  it  appeared  that  practice  on 
this  range  had  a  reasonably  good  chance  to  transfer  to  proficiency 
hr  tracking  when  the  turret  is  mounted  in  an  airplane  in  flight. 
In  the  absence  of  a  specific  validating  study,  no  adequate  estimate 
could  be  made  of  the  degree  to  which  such  transfer,  if  any,  would 
occur.  :  « 

The  AN/APG-15  T1  Trainer  (Radar) 

Description. — The  introduction  of  radar  equipment  to  make  ■ 
possible  bomber  defense  during  night  missions  provided  a  new 
training  problem.  One  particular  type  of  radar  equipment,  desig¬ 
nated  the  AN/APG-15,  permitted  the  gunner  in  combat  to  aim 
at  approaching  fighters  by,  super-imposing  intersecting  cross-hairs 
in  the  center  of  a  small  oscilloscope  window  upon  a  spot  of  light 
appearing  on  the  same  window.  By  moving  his  guns,  the  gunner 
caused  a  radar  attachment  to  search,  various  areas  of  the  sky  for 
planes..  When  a  plane  was  picked  up,  a  spot  of  light  appeared 
on  the  oscilloscope.  The  gunner  tracked  the  spot  of  light.  When  - 
mounted  in  the  tail  position  in  B-29  aircraft,  the  AN/APG-15 
device  was  used  in  connection  with  the  usual  equipment  for  the 
remote  control  of  B-29  tail  guns.  When  AN/APG— 15  equipment 
was  used,  the  gunner  had  to  moye  his  guns  downward  when  the 
spot  of  light  appeared  above  the  intersection  of  the  cross-hairs, 
to  move  his  guns  to  the  right  when  the  spot  of  light  appeared  to 
the  left  of  this  intersection,  and  vice  versa.  This  was  a  reversal 
of  habitual  modes  of  response  in  aiming  and  tracking  and  required 
an  adjustment  somewhat  similar  to  that  required  in  the  traditional 
mirror-drawing  experiment 

The  AN/APG— 15  T1  Trainer  was  designed  to  duplicate,  in  so 
far  as  possible,  the  gunner’s  task  in  using  AN/APG-15  radar 
equipment  in  tracking.  In  this  trainer,  the  gunner  used  the 
“scope”  and  the  sighting  station  for  the  remote  control  of  his 
“guns.”  The  path  of  the  spot  which  indicated  the  successive 
locations  of  an  attacking  plane  was  controlled  by  appropriate 
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cams  which  provided  target  paths  similar  to  those  to  be  expected  v  * 
in  combat.  The  fact  that  in  combat  the  gunner  had  to  rely 
during  night  attacks  entirely  on  the  information  given  by  his  ' 
radar  equipment  tended  to  enhance  the  similarity  between  trainer 
and  combat  conditions.  . 

Reliability  of  AN/ APG~1 5  T1  scores.  An  experimental  study 
of  this  trainer  was  carried  out  at  Laredo  during  June  and  Julv  of 
1945.*.  - 

A  total  of  18  graduate  gunners  were  selected  at  random  from 
the  pool  of  students  ‘awaiting  training.  None  of  thece  students 
had  had  previous  experience  either  with  B-29  sighting  stations 
or  with  radar  equipment.  ‘  The  students  were  given  a  short  orien¬ 
tation  course  covering  the  purpose  of  the  study,  were  familiarized 
with  the  function  and  operatiori  of  the  pedestal  sighting  station 
used  in  the  B-29  tail  position,  were  given  10  minutes  of  practice 
manipulation,  and  were  shown  a  training  film  on  radar  equip¬ 
ment.  They  were  also  given  an  initial  trial  of  8  minutes  duration 
on  the  trainer  as  part  of  the  orientation.  • 

A  total  of  11  training  trials,  each’  involving  four  2-minute 
practice  periods,  was  given  to  each  of  the  18  subjects.  One  trial 
was  given  each  day.  Scores  were  obtained  from  error  integrator 
units  mounted  on  the  trainer,  which  provided  an  index  of  the 
amount  of  angular  error  in  azimuth  and  in  elevation  separately 
*  during  the  course  of  each  triaL 

Estimates  of  the  reliability  of  total  scores  on  11  trials,  presum¬ 
ably  obtained  by  use  of  the  Hoyt  method,  were  obtained  for  each 
type  of  score.  For  all  11  trials,  the  reliability  of  azimuth  scores 
was  estimated  to  be  0.84 ;  that  of  elevation  scores,  0.86.  ' 

Learning  on  the  AN/APG-15  T1  Trainer . — The  change  in  pro-  ' 
ficiency  during  the  course  of  11  trials  is  shown  in  table  9.8  and 
in  figure  9.6.  It  was  found  that  a  considerable  amount  of  learn-’ 

.  ing, occurred  during  the  training.  The  curve  for  azimuth  tracking 
appeared  to  show  more  improvement  during  the  later  trials  than . 
was  the  case  for  elevation  tracking.  These  scores,  however,  rep-  ’ 
resented  two  aspects  of  the  underlying  performance  of  tracking. 

It  was  recommended  that  at  least  11  trials  of  8  minutes  each  be 
provided  for  practice  on  the  AN/APG— 15  T1  Trainer. 

No  studies  of  the  validity  of  this  trainer  or  relationships  with 
other  trainers  were  carried  out.  The  trainer  was  judged,  on  the 
basis  of  the  evidence  of  learning  and  of  the  relatively  high  relia-  • 

bility  of  scores,  to  be  a  satisfactory  training  device  when-  properly  • 

maintained.  • 

•The  project  offlcer  for  tfcl*  experiment  was  Capt  Alfred  C.  Jensen,  assisted  by  Cpl. 
Walter  Cohen.  Lt.  Ralph  F.  Wagner  assisted:  materially  la  developing  the  trainer  to  Its 
flnai  state. 
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Table  f.S.—Tke  court e  of  proficiency  on  AN/APG-15T1  trainer:  Meant  and 
standard  deviations  of  accumulated  angular  error  scores  for  azimuth  and 
elevation  on 11  successive  trials  (N~  18,  Laredo ,  June  1945) « 


It  is  interesting  to  note  that  the  AN/APG-15  T1  Trainer' occu¬ 
pied  a  unique  position  among  flexible  gunnery  trainers,  in  that 
its  development  was  undertaken  concurrently  with  the  develop¬ 
ment  of  the  AN/APG-15  gunnery  unit  itself.  In  every  other 
known  instance  of  synthetic  trainer  development,  the  trainer  had 
to  be  improvised  some  time  after  the  equipment  concerned  had 
been  in  production  or  even  in  combat.  By  being  planned  along 
with  the  radar  gunnery  equipment,  the  AN/APG-15  Trainer  was 
ready  for  use  with, a  minimum  of  delay  after  it  was  needed. 

DEFLECTION  TRAINERS 

»  1  *  *• 

The  most  complicated  and  difficult  task  in  gunnery  involved 
the  coordination  of  the  motor  skills  required  to  operate  a  turret 
or  hand-held  gun,  with  the  ability  to  judge  accurately  and  then 
apply  the  amount  of  deflection  required  for  each  of  a  large 
variety  of  lighter  attacks.  Much  time  and  effort  were  devoted  to 
developing  devices  which  would  give  gunnery  students'  initial 
training  and  continuing  practice  in  the  requisite  skills.  . 

The  "Waller  Trainer  *  • 

Although  originally  developed  for  the  Navy,  the  Waller  Trainer 
became  one  of  the  mainstays  of  the  Army's  flexible  gunnery  train¬ 
ing  program,  particularly  for  the  training  of  basic  gunners. 

Description. — Designed  to  duplicate  the  gunner’s  problem  of 
sighting,  aiming,  and  triggering  in  so  far  as  it  could  be  simulated 
by  a  ground  training  device  in  which  no  live  ammunition  was 
fired,  the  trainer  was  necessarily  elaborate.  It  required  a  spe-’ 
daily  designed  building  to  provide  space  for  a  large  screen  on 
which  fighter,  attacks  were  projected. .  This  screen  took  the  form 
of  a  segment  of  the  inside  surface  of  a  sphere,  covering  almost 
170°  in  azimuth  and  about  55°  in  elevation.  The  large  screen 
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surface  was  Intended  to  correspond  roughly  to  the  segment  of  the 
sky  which  the  typical  gunner  might  be  required  to  yean  for 
enemy  aircraft  and  in  which  his  fire  would  be  effective.  A  battery 
of  five  synchronized  motion  picture  projectors  was  required  to 
depict  events  occurring  in  various  areas  of  this  “sky."  Attack 
films  for  these  projectors  were  obtained  by  photographing  fighter 
planes  attacking  a  bomber. 

For  dealing  with  these  attacks,  the  gunner  was  provided  with 
equipment  bearing  sighting  devices  similar  to  those  in  use  on 
combat  planes.  Although  his  guns  did  hot  resemble  machine 
guns  in  appearance,  the  grips  were  designed  so  that  marked 
vibration  could  be  introduced  into  them.  In  some  training  instal¬ 
lations,  combat-type  turrets  were  mounted  in  order  to  give  the 
gunner  practice  in  turret  manipulation.  Intercommunication 
equipment  was  also  included.  In  addition  to  giving  the  gunner 
practice  in  its  use;  the  interphone  equipment  provided  means  for 
individual  coaching  by  an  instructor  without  interruption  of  the 
firing,  for  simulating  plane  noises  typical  of  combat,  arid  for 
giving  immediate  knowledge  of  correct  timing  and  firing  by 
sounding  a  tone  whenever  a  hit  was  scored.  This  tone,  usually 
termed  the  “beep-tone"  because  of  its  high  pitch,  could  be  turned 
on  or  cut  off  by  the  instructor. 

The  scoring  system  for  this  trainer  provided  for  recording  both 
“shots"  and  “hits,"  The  number  of  shots  was  obtained  from  a 
counter  which  accumulated  units  at  a  constant  rate  during  each 
period  when  the  gunner  was  pressing  the  trigger.  The  number 
of  hits  was  obtained  from  a  counter  which  accumulated  units 
at  the  same  rate  whenever  the  gunner  had  his  sights  properly 
aligned  and  was  triggering.  The  correctness  of  the  gunner’s 
sighting  was  determined  by  a  specially  designed  film  (called  the 
scoring  band)  synchronized  with  the  attack  film  so  that  if  the 
sights  were  lined  up  properly,  a  photo-electric  system  was  acti¬ 
vated.  The  design  of  a  scoring  film  presented  serious  technical, 
difficulties,  since  it  had  to  correspond  to  the  correct  point  of  aim 
at  each  point  of  an  attack.  During  the  greater  part  of  the  war, 
the  usefulness  of  the  Waller  Trainer  was  severely  impaired  by 
the  difficulty  of  obtaining  attack  films  representing  typical  pursuit 
curves  arid  scoring  bands  appropriate  to  these  attacks.  Moreover, 
the  maintenance  of  uniform  sensitivity  of  the  sensing  system  rep¬ 
resented  a  pers'^tent  probleni. 

In  addition  to  scorable  attacks,  the  Waller  Trainer  films  in¬ 
cluded  so-called  point-of-aim  attacks,  in  which  the  correct  point 
of  aim  was  shown.  This  feature  was-intended  to  help  the  gunner 
learn  the  correct  deflection  for  various  phases  of  the  attacks. 

The  typical  installation  provided  opportunity  for  four  students 
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to  Are  and  receive  scores  at  one  time.  Equipment  was  included 
which  permitted  eight  additional  students  to  track  the  airplanes 
with  swivel-mounted  wooden  “guns.’'  It  was  frequently  noted, 
however,  that  gunners  did  not  And  this  “dry  tracking'-  practice 
interesting.  . 

Reliability  of  scom.~In  May  of  1D.43,  a  study  of  the  reliability 
of  Waller  Trainer  scores  was  carried  out  at  Buckingham  in  ah 
effort  to  evaluate  the  desirability  of  using  these  scores  as  &  basis 
for  eliminating  students  from  gunnery  school.10  In  this  study,, 
two  methods  of  scoring  performances  were  considered.  The  first, 
which  was  then  in  use  at  Buckingham,  involved  computing  the 
percent  of  hits,  and  then  assigning  systematic  penalties  for  devia¬ 
tions  from  the  optimum  number  of  shots  and  for  deviations  from 
the  optimum  number  of  bursts.  The  “optimum”  number  of  shots 
and  bursts  and  the  system  of  penalties  for  deviations  were  deter¬ 
mined  by  expert  opinion.  The  second  method  utilized  the  number 
of  hits  during  a  trial  directly.  Reliabilities  of  scores  obtained  in 
accordance  with  each  of  the  two  systems  were  obtained  by  analysis 
of  the  training  records  of  students' in  Class  43-26,  Buckingham, 
and  by  training  under  controlled  conditions  a  group  of  12  graduate  ' 
gunners,  students  in  the  Instructors  School,  who  volunteered  to  * 
serve  as  subjects.  For  the  school  records,  reliability  of  scores . 
(of  gunners  in  class  43-26,  Buckingham)  on  2  test  films  was 
found  to  be  0.19  for  the  more  elaborate  scovmg  system  and  — 0.01 
for  hits  only.  Under  .  experimental  conditions,  however,  the 
reliabilities  of  the  scores  of  12  gunners  were  found  to  be  0.44  for. 
the  adjusted  scores  and  0.59  for  the  hit  scores.  Moreover,,  a 
reliability  of  0.80  was  obtained  for  hit  scores  when  scores  on  8 
tests  were  combined.  These  results  were  interpreted  as  indicat¬ 
ing  that  improvement  in  reliability  of  Waller  Trainer  scores  was 
needed  before  they  could  properly  be  used  as  an  adequate  index 
cf  proficiency,  and -as  showing  that  such  improvement  coiiiu  be  - 
^obtained  by  proper  control  of  testing  conditions. 

Learning.— ,k s  part  of  the"  study  described  above,  a  learning 
curve  based  on  the  records  of  the  12  Instructors  School  students 
for  each  of  12  trials’ was  obtained.  All  trials  were  conducted  on 
Test  Film  101.  The  course  of  learning  or.  •this  film,  as  indicated 
by  mean  score  on  each  trial,  is  shown  in  figure  9.7.  It  was  con¬ 
cluded  from  these  data  that  a  marked  increase  in  proficiency 
occurred  and  that  it  was  probable  that  further  increases  would 
occur  with  further  training.  • 

In  the  summer  of  1945,  a  more  elaborate  study  of  learning  on 

M  Thl*  study  wns  done  by  Lt  Arthur  L.  Irion. 
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this  trainer  was  carried  out  at  Laredo.11  This  experiment  was 
designed  to  explore  the  rate  and  extent  of  learning  on  the  trainer, 
the  effect  of  practice  on  the  training  •films  upon  performance  on 
test  films,  and  the  effect  of  the  “beep-tone”  upon  performance. 

For  this  study*  64  men  awaiting  assignment  to  gunnery  training 
were  selected  at  random.  Following  an  orientation  in  sighting 
methods,  they  were  given  a  pretest  on  the  trainer,  using  Test 
Film  7,  without  the  “beep-tone.”  They  were  then  diyided  into  4 
groups  of  16  each  in  such  a  way  as  to  give  each  group  approxi¬ 
mately  the  same  mean  and  standard  deviation  on  pretest  scores. 

In  accordance  with  the  objectives  described  above,,  the  daily 
training  programs  for  each  of-  the  4  groups  were  designed  in  the 
following  manner: 

Group  1  gunners  received  training  on  3  training  films  and  were  then  tested 
on  Test  Film  7  daily.  They  were  given  knowledge  of  their  results  by  use  of 
the  “beep-tone”  on  the  first  S  test  trials  only.  (They  had  this  information  on 
the  training  films  during  the  first  4  days). 

Group  II  gunners  received  the  same  training  films  as  Group  I  and  were 
tested  on  Test  Film  7  daily.  However,  they  were  given  knowledge  of  their 
results  by  use  of  the  “beep-tone”  on  the  last  5  test  trials  only.  (They  had  this 
information  on  the  training  films  during  the  last  4  days).  ■ 

Group  III  gunners  received  no  practice  on  the  training  films,  but  were 
tested  on  Test  Film  7  daily.  They  were  given  knowledge  of  their  results  by 
use  of  the  “beep-tone”  on  the  first  S  days  only. 

Group  IV  gunners  received  no  practice  on  the  training  films,  but  were 
tested  on  Test  Film  7  daily.  They  were  given  knowledge  of  their  results  by' 
the  “beep-tone”  on  the  last  S  days  only. 

By  this  arrangement,  it  was  possible  to  estimate  the  contribution 
to  proficiency  made  by  the  training  films  and  to  obtain  informa-  * 
tion  regarding  the  effect  of  withdrawing  the  “beep-tone,”  a  point 
of  some  importance  in  dealing  with  the  argument  that  this  signal 
was  used  as  a  “crutch”‘by  students  to  the  detriment  of  their  mas¬ 
tery  of  the  trainer. 

It  should  be  noted  that  the  use  of  only  one  te3t  film,  although 
desirable  in  simplifying  the  experimental  design,  had  the  disad¬ 
vantage  that  students  might  become  sufficiently  familiar  with  the , 
specific  attacks  in  the  test  film  that  their  score  reflected  this 
familiarity  as  well  as  skill  ir,  the  procedures  the  test  film  was 
designed  to  measure.  •  • 

Each  gunner  fired  from  the  same  gun  position  in  the  same 
trainer  during  each  trial.-  This  prevented  distinguishing  between 
variations  in  scoring  sensitivity  of  the  particular  positions  and 
individual  differences  in  proficient.  However,  since  each  posi¬ 
tion  was  fired  an  equal  number  \f  times  by  each  of  the  four 
groups,  variations  in  scoring  amoig  the  positions  did  not  enter 
into  the  group  results.  The  possihlity  that  the  equating  of  the 


a  This  experiment  was  conducted  by  Lt.  Danli  J.  Hjslon  r.d  Lt  Rsten  W.  Ray. 
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four  groups  was  invalidated  to  some  extent  by  variations  in  scor¬ 
ing  was  not  investigated.  • 

The  basic  results  of  this  study  are  presented  in  table 
Certain  combinations  of  the  data  to  facilitate  comparisons  pro¬ 
vided  the  basis  for  Figures  9.8  and  9.9.  On  the  first  test  trial, 
the  groups  receiving  the  training  films  showed  a  superiority  which 
they  maintained  at  approximately  the  same  level  during  the  eight 
training  trials.  It  was  further  found  that  the  groups  receiving 
knowledge  of  results  excelled  their  counterparts  who  were  not 
receiving  knowledge  of  results  by  a  rather  uniform  margin 
throughout  the  eight  trials.  When  the  groups  receiving  the 
“beep-tone"  were  reversed  following  the  third  trials,  the  relative  * 
proficiency  also  was  reversed,  but  the  “no-beep"  students  improved 
during  the  final  four  trials  by  approximately  the  same  amount  as 
the  students  who  received  knowledge  of  results  in  this  form. 
Although  the  design  of  the  experiment  prevented  the  determina¬ 
tion  of  a  learning  curve  which  would  be  representative  of  the 

•  •  i 

Table  9.9. — Mean  Waller  trainer  scores  on  eight  successive  trials  for  four 
groups  of  previously  untrained  gunnery  students  trained  under  four  dif¬ 
ferent  systems  (N=16  for  each  group,  Laredo ,  July  1945)x 


.  • 

Training  films' 

No  training  films 

Trial 

- 

Group 

Group 

Group 

Group 

• 

.  * 

II 

HI 

IV 

1  ™ 

107  • 

81 

91  • 

43 

2.  _  — 

128* 

87 

:  7t  • 

77 

3„  —  . 

142* 

92  • 

77  • 

76 

1  _  _ _ 

123 

170  • 

98 

lie* 

6— _ _ -  ' 

128 

190* 

115 

136* 

6 -  - -  - 

193 

237  • 

148 

166* 

7 . -  — 

164  . 

199* 

156 

170* 

n _ _  .. 

210 

243  • 

188 

183* 

>  All  entries  obtained  from  graphical  presentation  of  data  In  earlier  report  An  asterisk 
following  an  entry  Indicates  that  members  of  the  group  heard  the  "beep-tone”  Immediately 
following  each  hit  scored  during  the  trial. 


course  of  improvement  under  uniform  training  conditions 
throughout  the  series  of  eight  trials,  the  similarity  in  the  trends 
shown  in  the  four  curves  appearing  in  figures  9.8  and  9.9  sug¬ 
gested  that  marked  improvement  in  proficiency  did  occur  under 
each  condition  of  training  and  that  further  trials  under  these  con¬ 
ditions  would  be  likely  to  produce  additional  important  increments 
of  proficiency. 

The  E— 14  or  “Jam-Handy”  Trainer 

The  “Jam-Handy,"  or  E-14,  Trainer  was  one  of  the  oldest  and 
most  versatile  devices  used  in  the  training  of  flexible  gunners. 
The  name  “Jam-Handy"  came  from  the  name  of  the  organization 
in  Detroit  which  originally  developed  the  trainer  for  the  United 
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States  Navy.  The  original  purpose  of  the  unit  was  to  provide  a 
small,  compact,  and  portable  practice  device  for  maintaining  the 
proficiency  of  gunners  while  on  board  sfc,ip.  After  adoption  and 
modification  by  the  Army  Air  Forces,  it  was  given  the  official 
catalogue  name,  E— 14,  but  in  use  retained  the  traditional  name; 
"Jam-Handy." 

Description. — Although  the  trainer  underwent  minor  and  major 
modifications  from  time  to  time,  it  may  be  described  as  follows: 

The  device  utilized  two  synchronized  16  mm.  projectors  situated 
approximately  12  feet  from  a  screen  measuring  12  feet  by  12 
feet.  One  of  these  projected  motion  pictures  carefully  designed 
to  simulate  the  scene  presented  to  a  gunner  by  a  fighter  airplane 
attacking  his  bomber.  Not  only  the  attacking  fighter,-  but  also 
appropriate  parts  of  the  bomber  appeared  on  the  screen.  The 
second  projector,  synchronized  with  the  first,  projected  a  spot  of 
polarized  light  upon  the  screen  at  the  correct  point  of  aim  for 
each  part  of  the  attacks  shown.  Situated  in  front  of,  and  some¬ 
what  below,  the  level  of-  the  projectors  was  a  sighting  station 
usually  mounting  a  model  of  a  hand-held  or  free-swinging  gun; 
The  student  operating  this  gun  might  be  required  to  wear  Polaroid 
glasses  which  prevented  his  seeing  the  correct  point  of'  aim 
which  appeared  on  the  screen.  Hi3  task  was  to  maintain  the 
correct  point  of  aim  without  this  aid.  The  instructor,  however, 
could  see  both  the  correct  point  of  aim  and  the  student’s  point  of 
aim,  which  appeared  as  a  spot  of  light  on  the  screen.  The  class¬ 
room  provided  space  for  as  many  as  10  students,  of  whom  all  but 
one  were  necessarily  spectators  at  any  one  time.  - 

In  testing  situations,  the  gunner  always  wore  Polaroid  glasses. 
The  instructor  was  furnished  with  a  score  sheet  on  whieh  were 
printed  standard-size  ring  sights  similar  to  those  projected  on  the 
screen.  The  first  time  the  student’s  point  of  aim  appeared  during 
any  attack  was  considered  the  first  burst  of  fire.  The  instructor 
observed  the  point  where  the  first  burst  struck  the  screen  and 
made  a  mark  on  his  printed  ring  sight  representing  the  gunner’s 
point  of  aim  in  relation  to  the  true  point  of  aim  as  shown  by  the 
center  of  the  projected  ling  sight.  In  scoring,  a  plexiglass 
template,  containing  10  concentric  circles,  the  largest  of  which 
was  equal  to  the  diameter  of  the  largest  circle  in  the  ring  sight 
on  the  instructor’s  score  sheet,  was  used.  The  template  wa3  laid 
over  the  score  sheet,  and  the  student  was  given  a  score  from  0  to 
10  depending  upon  the  nearness  to  the  center  of  the  ring  sight  of 
his  first  burst  as  indicated  by  the  instructor's  mark.  First  bursts 
falling  directly  in  the  center  of  the  ring  sight  were  given  a  score  of 
10,  ‘and  those  falling  within  the  ring  sight  but  not  in  the  center 
were  given  scores  ranging  from  nine  down  to  one,  depending  upon 

703326 — 47—12 


169 


their  distance  from  the  center.  First  bursts  falling  outside  the 
ring  sight  were  given  scores  of  zero. 

From  the  standpoint  of  sound  .teaching  procedure,  the  Jam- 
Handy  possessed  several  highly  desirable  characteristics.  These 
may  be  summarized  as  follows :  The  trainer  made  possible  stand¬ 
ardization  of  instruction  wherever  used.  It  was  possible  to  de¬ 
sign  films  for  the  trainer  in  which  the  sequence  of  the  attacks 
might  be  controlled  so  that  the  student  could  fire  at  attacks  which 
became  progressively  more  difficult  throughout  the  course  of  in¬ 
struction.  In  this  way  the  student  faced  a  task  equal  to  his 
ability,  and  could  more  easily  acquire  proficiency  at  the  more 
difficult  levels.  It  was  possible  to  provide  periodic  reviews  of 
training  and  to  organize  the  material  into  a  schedule  optimum 
for  learning.  It  was  possible  for  the  trained  instructor  to  train 
and  coach  his  students  at  all  times.  By  use  of  the  gun  projection 
*  lights  and  the  projected  ring  sights  the  student  could  have  imme¬ 
diate  knowledge  of  the  success  or  failure  of  his  firing. 

Early  investigations. — The  earliest  investigations  were  pri¬ 
marily  concerned  with  improving  the  reliability  of  the  scoring 
procedures.  As  an  example,  one  scoring  procedure  in  use  in  1943 
required  that  the  instructor  rate  the  student's  performance  in 
terms  of  a  number  of  errors,  such  a3,  "fires  too  soon,"  (before  the 
plane  comes  into  effective  range) ;  another  was,  "fires  too  late,” 
(waits  too  long) ;  others  were  "doesn't  fire  enough  bursts,”  "fires 
too  many  bursts,”  “too  long  bursts,”  or  "too  short  bursts.”  For 
each  such  criticism  the  instructor  deducted  a  certain  number  of 
points  from  the  possible  total  score  of  100  which  the  student  might 
attain.  In  addition  to  such  a  rating  as  mentioned,  the  instructor 
made  three  additional  general  evaluations  of  the  student's  per¬ 
formance  in  terms  of  handling  of  gun,  of  "aptitude,”  and  of 
"behavior.”  It  can  readily  be  seen  that  rapid  ratings  on.  such, 
as  the  above  might  have  .low  reliability.  An  early  report  de¬ 
scribed  this  scoring  system  and  pointed  out  its  weaknesses.1* 
No  data  were  given  on  the  evaluation  of  the  scoring  system. 

It  was  at  this  time  that  the  scoring  system  described  earlier 
was  conceived;  shortly  thereafter  it  was  put  into  effect  experi¬ 
mentally  at  Buckingham,  where  it  was  evaluated  statistically 
and  found  to  be  quite  satisfactory  when  properly  used.  For 
example,  in  late  1943  an  experimental  test  was  made  on  the  E-14 
Trainer  using  the  first  10  attacks  of  the  film  known  as  "Review 
on  Quarter  Attacks.”  18  An  analysis  of  250  complete  records 
revealed  the  following  reliability  coefficients  (scores  on  odd-num- 


“Thls  analysis  wti  mad#  by  MaJ.  Roger  W.  Russell,  »  ■ 
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bered  attacks  vs.  scores  on  even-numbered  attacks,  corrected  by 
Spearman-Brown  Formula) : 

1.  The  reliability  of  first-burst  score  was  0.82,  / 

2.  The  reliability  of  third-burst  score  was '0.83.  '  • 

3.  The  reliability  of  first  plus. third-burst  score  was  0.91.  *, 

These  reliabilities  were  among  the  highest  ever  attained  for 
performance  on  any  criterion  of  gunnery  proficiency.  The  fol¬ 
lowing  conditions  prevailed  at  the  time  the  experimental  observa¬ 
tions  were  made :  The  scorers  had  been  well-trained  previously  in  > 
their  tasks,  and  were  motivated  to  do  a  careful  job.  Each  student 
was  tested  according  to  a  prearranged  plan,  and  on  exactly  the 
same  attacks  as  every  other  student.  Each  student  was  scored 
on  the  first  and  third  bursts  of  these  attacks.  An  officer  was 
present  at  all  times  supervising  the  testing.  '  •  . 

Thus,  with  the  exercise  of  proper  care  it  was  possible  to  obtain 
a.  satisfactorily  reliable  score  while  using  a  subjectively  based 
scoring  system.  It  was  this  scoring  system  that  was  subsequently 
adopted  for  use  throughout  all  gunnery  schools  and  made  manda¬ 
tory  in  the  directives  which  prescribed  the  manner  in  which 
flexible  gunnery  training  would  be  conducted.'  • 

Mechanical  scoring  modifications. — Although  the  template  scor¬ 
ing  system  described  above  was  kept  in  continuous  use  through¬ 
out  the  history  of  the  E-14  Trainer,  several  devices  were  pro-  ’ 
duced  from  time  to  time  which  attempted  to  provide  a  mechanical 
scoring  system  for  the  trainer,  eliminating  the  role  of  the  instruc-  ■ 
tor  as  a  scorer. 

The  Infrared  Scorer.— One  mechanical  scoring  device  was  de-  - 
veloped  for  the  Navy  and  was  known  as  the  3A-20A.  In  this 
device  the  projector  which  ordinarily  projected  the  correct  point 
of  aim  contained  a  film  which  projected  a  spot  of  infrared  light 
2  inches  in  diameter  on  the  screen  at  the  correct  point  of  aim. 
With  the  infrared  filter  in  front  of  the  projector,  the  student  could' 
not  see  the  correct  point  of  aim.  The  gun  operated  by  the  student. , 
contained  a  photo-electric  cell  which,  when  the  gun  was  pointed  at 
the  correct  point  of  aim,  was  activated  by  the  infrared  light 
reflected  from  the  screen ;  a  circuit  was  then  closed  which  allowed 
an  electrical  counter  to  record  “hits/'  It  was  then  possible  to 
compare  the  number  of  hits  recorded  with  the  number  of  shots 
also  automatically  recorded  whenever  the  student  pressed  his 
trigger,  and  thus  to  arrive  at  a  percent  hit  score.  The  proof 
section  of  the  Research  Division  conducted  a  series  of  tests  using 
gunnery  school  students,  and  reliabinty  coefficients  for  the  scores 
were  compute4  from  the  data  obtained.  Although  neither  the  raw 
data  nor  the  computations  made  from  'hem  is  currently  available, 
it  is  known  that  the  original  infrared  coring  system  was  found 
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to  have  unsatisfactory  reliability  for  use  as  a  measure  of  gunner’s 
proficiency  on  the  E-14  Trainer.  The  principal  source  of  diffi¬ 
culty  seemed  to  be  in  the  sensitivity  of  the  recording  device  to 
fluctuations  in  line  voltage.  Subsequently,  a  second  model  of  the 
same  device  known  as  the  3A-20B  was  produced  and  procured 
bn  a  loan  basis  from  the  Navy.  Some  further  experimental 
observations  were  made  which  revealed  the  device  to  be  consid¬ 
erably  improved  over  the  original  model,  but  nevertheless,  still 
subject  to  variations  in  line  voltage  which  seriou.f~  disrupted  the 
reliability  of  the  scores  obtained. 

Finally,  a  third  model,  3A-20C,  was  received  and  tested  at 
Laredo.14  Thirty  graduate  gunners  fired  at  the  22  attacks  of  a 
test  filmorice  on  each  of  3  consecutive  days,  and  the  scores  for  each 
attack  were  recorded  from  the  infrared  scorer.  Reliability  co¬ 
efficients  based  on  hits  obtained  and  on  percent  of  hits  obtained 
were  computed.  These  are  reported  in  table  9,10. 

Table  9.10.— Reliability,  of  scores  obtained  from  infrared  scorer,  model  3A- 
SOC:  Means,  standard  deviations,  number  of  cases,,  and  inter-  and  intra- 
trial  reliability  coefficients  in  terms  of  hits  and  percent  of  hits  obtained 
(Laredo,  June  1945) 


Trial 

“ 

Hlta 

\ 

Trials 

Hlta 

Percent  bits 

N 

M 

,  SD 

1* 

N 

r* 

N 

r* 

j _ 

30 

454 

128.5 

0.63 

1  vs  2 

30 

0.17 

SO 

0.05 

2 _ 

30 

532 

103.1 

.60 

1  va  3 

24 

.08 

24 

.15 

3 

24 

437 

97.6 

.71 

2  va  3 

24 

.14 

24 

XT 

1  Uncorrected  product-moment  correlation  between  11  odd-numbered  and  11  even-num¬ 
bered  attacks  of  each  trial.  All  r’s  significant  at  the  1  percent  level. 

*  Not  corrected. 


Although  the  intratrial  reliability  approached  adequacy,  coeffi¬ 
cients  between  trials  showed  that  day-to-day  scores  had  very 
little  in  common.  Thus,  since  the  scores  did  not  seem  to  permit 
meaningful  comparisons  of  individual  or  group  scores  from  day 
to  day,  its  adoption  in  place  of  the  subjective  system  described 
above  was  not  recommended. 

The  ISGO  Scorer, — Shortly  before  testing  the  3A-20C,  another 
device,  known  as  the  ISCO  (Industrial  Specialties  Co.)  Scorer, 
had  been  thoroughly  tested  by  the  Central  School.  Arrangements 
had  been  made  to  procure  the  ISCO  scorers  in  considerable  quan¬ 
tity,  and  it  was  recommended  that  the  3A-20  scorers  be  dropped 
from  further  consideration. 

Description  of  the  ISCO  Scorer. — The  ISCO  scoring  device  con¬ 
sisted  essentially  of  the  following : 


’*  Lt.  Herbert  D.  Werwath  was  project  officer  for  this  study.  Testa  were  conducted  and 
data  analyzed  by  Cpl.  Walter  Cohen, 
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1.  A  special  projector  for  drawing  35mm.  film  strips  dontinu-  ' 
cusly  through  two  apertures,  one  aperture  in  the  front,  the  other 
in  the  rear  of  the  projector.  This  projector  moved  the  film  in 
synchronisation  with  the  standard  16mm.  projector,  but  at  a 
greatly  reduced  speed.  This  projector  replaced  the  original  E-14 
projector  U3ed  to  project  the  correct  point  of  aim  on  the  screen. 

2.  Two  sets  of  specially  prepared  35mm.  film  strips.  One  set 
was  for  the  front  projection  aperture,  and  the  other  set  was  for 
the  rear  aperture.  Each  set  consisted  of  two  strips  of  film.  One 
strip  had  photographed  on  it  a  series  of  curves  representing  the 
vertical  components  of  the  point  of  aim  for  the  attacks,  and  ran 
through  the  projection  aperture  horizontally.  The  other  strip  of 
each  set  had  curves  which  contained  only  the  horizontal  compo- 
ments  of  the  point  of  aim,  and  ran  through  the  projection  aperture 
vertically.  When  the  two  strips  of  a  set  were  drawn  across  the 
same  aperture  at  right  angles,  the  transparent  curves  intersected 
each  other  at  a  point  which,  as  the  resultant  of  the  horizontal  and- 
vertical  curves,  represented  the  correct  point  of  aim.  This  correct 
point  of  aim  was  projected  from  the  front  end  of  the  projector  to 
the  screen  and  also  from  the  rear  end  into  the  lens  of  the  scanning 

tube.  '  '  . 

3.  The  scanning  tube  was  mounted  at  the  rear  of  the  projector 

and  was  mechanically;  linked  to  the  gun  by  a  system  of  rods  and 
gears  so  that  it  exactly  duplicated  the  angular  movements  of  the 
gun.  Thus,  when  the  gun  was  aimed  at  the  correct,  point  of  aim 
on  the  projection  screen  the  scanning  tube  was  also  aimed  at  the 
correct  point  of  aim  coming  from  the  rear  of  the  projector.  When 
this  alignment  was  achieved  by  correct  aiming  of  the  gun,  the 
scanning  tube  passed  the  full  illumination  of  the  500  watt  pro;-  ■ 
jection  lamp  into  the  photocell.  ■  ' 

4.  The  scoring  system  consisted  of  two  counter  dials,  each  of 
which  recorded  at  a  rate  of  550  rounds  per  minute.  The  shot 
counter  was  activated  whenever  the  student  depressed  his  trig¬ 
gers,  and  the  hit  counter  whenever  the  gunner  had  his  trigger 
depressed  and  also  was  pointing  the  gun  at  the  correct  point  of 
aim. 

Test  of  the  ISCO  Scorer.— In  the  evaluation,  study 15  an  attempt 
was  made  to  get  at  the  reliability  and  stability  of  the  scores  ob¬ 
tained  with  the  ISCO  Scorer. 

One  hundred  and  one  basic  gunnery  students,  all  having  com¬ 
pleted  approximately  8  hours  of  training  on  the  E-14  Trainer, 
served  as  subjects.  The  special  testr  g  films  supplied  by  the 
Industrial  Specialties  Company  consisted  of  ,a  series  of  tail  cone 

~  u  The  project  officer  for  this  study  was  Lt.  Herbert  D.  '  -rwath,  agMatcd  by  CpI.  Walter 
Cohen. 
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attacks*  presented  in  random  order.  It  was  not  feasible  to  give 
exactly  the  same  test  to  each  student  However,  since  all  attacks 
were  from  the  tail  cone,  it  appeared  likely  that  most  of  the  students 
would  fire  at  equivalent  attacks.  After  each  attack,  the  experi¬ 
menter  recorded  the  scores  obtained  by  the  gunner. 

An  analysis  of  the  results  of  this  study,  presented  in  table  9.11, 
indicated  the  scoring  device  to  be  fairly  consistent  during  the 
firing  of  a  series  of  attacks.  One  of  the  factors  that  appeared  to 
be  lowering  the  reliability  was  an  excess  of  fly-through  attacks"  in 
either  .odd  or  even  numbered  attacks ;  fly-through  attacks  were 
particularly  difficult  to  track  and  aim  at  properly.  Twelve  cases 


Table  9.11- — Meant,  standard  deviations,  and  reliability  coefficients  obtained 
by  using 'the  1SCO  E-14  scorer  on  a  single  trial  of  10  attacks.  (Laredo, 
4th  quarter,  1944) 


Type  of  score 

N! 

M 

SD 

r 

r 

(corrected)* 

Percent  hits.  •  _ 

101 

28.29 

13.29 

6.58 

0.73 

K1U _ _  _ _ 

101 

273.85 

163.83 

.63 

.78 

Percent  hit*  (excess  fly-through  «tt*ck-< 
restored). 

89 

26.01 

13.81 

.66 

.80 

Hits  (excess  fly-through  Attacks  removed).. 

89 

:  269.80 

157.71 

.69 

-.82 

1  Spesrman-Brown  formula. 


in  which  there  was  a  minimum  of  two  fly-through  attacks  in 
excess  for  either  the  odd  or  even  attacks  were  eliminated.  After 
the  data  from  these  12  cases,  were  removed,  the  remainder  yielded 
an  odd-even  attack  reliability  of  0.80  (corrected  by.  Spearman- 
Brown  formula)  for  percent  hits  and0.82  (corrected)  for  hits. 

To  obtain  information  on  the  consistency  of  the  machine  over 
a  period  of  time,  means  for  the  men  tested  during  each  of  the  8 
days  \vere  compared.  These  means,  shown  in  table  9.12,  indi¬ 
cated  variations  greater  than  chance  would  account  for  (see 
analysis  of  variance  in  table  9.13). 


Table  9.12. — Daily  means  and  standard  deviations  obtained  on  JSCO  E-14 
scorer  by  subjects  tested  on  different  days  (Laredo,  4th  quarter,  1944) 


■ 

Day 

N 

Mean  hits 
(10  attacks) 

8D 

M 

i 

1 

1 

i 

1 

l 

1 

1 

l 

1 

1 

1 

i 

1 

1 

1 

1 

1 

1 

9 

1 

1 

1 

• 

13 

229 

113.54 

^  — - — - 1 - r  1-  — —  TT  Wl-  M- - TTITMM-I - TT  - f  ■ - ■ 

10 

154 

141.11 

t 

t 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

l 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

i 

to 

14 

.  249 

116.94 

* 

! 

• 

1 

i 

I 

i 

i 

« 

i 

i 

i 

* 

* 

i 

i 

i 

i 

i 

1 

9 

-  333 

184.51 

22 

216 

63.43 

1 

» 

> 

i 

i 

l 

I 

» 

i 

l 

i 

t 

1 

i 

• 

1 

I 

t 

I 

I 

I 

l 

t 

l 

i 

1 

1 

«D 

14 

385 

183.30 

4 

266 

82.20 

» 

I 

t 

l 

1 

i 

i 

i 

> 

1 

i 

1 

i 

t  , 

*  . 

i 

s 

1 

( 

1 

1 

1 

1 

1 

1 

1 

i 

1 

• 

•0 

15 

364 

155.19 

Even  when  the  factor  of  film  differences,  as  represented  by  the 
number  of  fly-through  attacks,  was  examined,  it  was  noted  that 
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difficulty  of  attacks  was  equally  distributed  over  the  different 
days*  spd  that  no  drop  in  means  could  be  attributed  to  an  excess 
of  fly-through  attacks. 


Table  9.13. — Analysis  of  variance  for  daily  variations  in  scores  obtained  on 
JSCO  scorer  (Laredo,  UK  quarter,  19U) 


df 

8um  o t  »qu»r*» 

V«rlane« 

PftWMD  d«Y* _  _  _  -  .. 

881,302.32 

1,810,019.24 

2,392,282,06 

83.051.88 

10,472.24 

within  days _ -  _ 

93 

100 

TnUl  . . 

... 

F-ratlo:  4.265.  F-ratlo  required  for  significance  at  1  percent  level :  2.8. 


As  a  result  of  the  test  conducted,  a  number  of  recommendations 
were  made  for  modifications  in  the  device  which  would  possibly 
minimize  the  variations  in  score  from  day  to  day  and  also  allow  the  ’ 
device  to  be  used  with  other  than  the  hand-held  type  of  gun. 
Some  time  later  plans  were  produced  for  connecting  the  ISCO  . 
Scorer  to  turrets  to  be  installed  in  E-14  Trainers,  and  also  plans 
for  improving  the  scoring  device  as  used  with  the  hand-held' . 
guns.  A  few  months  before  the  end  of  the  war  it  was  decided  to 
procure  the  ISCO  scoring  device  as  modified  according  to  recom¬ 
mendations  from  the  Central  School  for  use  throughout  the  gun¬ 
nery  program.  However,  with  the  ending  of  the  “war  the  contract 
was  cancelled. 

Use  of  E-lb  Trainer  as  criterion.— Because  E-14  Trainer  ■ 
scores  could  be  obtained  with  fairly  high  reliability  under  care¬ 
fully  supervised  conditions,  the  trainer  was  frequently  used  as  a 
criterion  of  gunnery  proficiency,  both  in  the  evaluatiomof  training 
devices  and  in  an  effort  late  in  1943  to  develop  a  battery  of  .  selec¬ 
tion  tests  for  flexible  gunners.  An  example  of  the  use  of  the  E-14 
as  a  criterion  in  evaluation  of  training  devices  is  seen  in  the 
section  of  this  chapter  where  an  evaluation  of  the  DeVry  Pano-. 
ramie  Trainer  is  described.  ' 

i  As  part  of  a  project  (see  chapter  6)  directed  toward  the  devel- 
!  opment  of  the  battery  of  aptitude  tests  for  gunners,  a  number  of 

;  the  tests  used  in  the  selection  of  aviation  cadets,  together  with 

some  tests  developed  specifically  for  gunners,  were  administered  to. 
a  class  at  Buckingham,  and  correlations  with  the  E-14  Trainer 
were  obtained.  Scores  on  the  E-14  Trainer  were  obtained  by  the 
reliable  method  described  on  page  9.19' tend  correlated  with  the  _ 

•  tests  listed  in  table  9.14. 

j  The  correlations  shown  in  table  9.14  are  all  low,  the  highest 
being  0.12  for  the  electrical  maze  part  of  the  Aviation  Cadet 

•  Qualifying  Examination.  An  observation  of  the  psychological 
‘  functions  used  on  the  Jam-Handy  led  to  the  conclusion  chat  three 

i  t 
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factors  were  predominatingly  involved,  the  perceptual  one  of 
judging  the  position  and  line  of  apparent  motior  of  the  attacking 
fighter,  the  informational  one  of  knowing  necessary  leads,  and 
the  psychomotor  one  of  tracking  the  fighter.  In  view  of  this, 
higher  correlations  were  expected  with  tests  of  perception.  It 
may  have  been  that  the'  psychomotor  factor  far  outweighed  the 
perceptual  factor  in  attaining  success  on  this  trainer  as  measured 
in  this  study. 


Tabus  9.14. — Means,  standard  deviation »,  and  product  moment  correlation*  of 
experimental  battery  ecoret  on  the  Jam-Handy  trainer  (elate  44-4,  Buck¬ 
ingham,  firet  quarter,  19H) 


Teet  . 

*  C 

Pennon  r 

with 

Jam-Handy 

N» 

M  ■ 

SIT 

1.  Army  general  classification _ _ _ 

-0.047 

277 

110.27 

14.29 

S.  Mechanical  aptitude _ 

a.  P!«sna  formation. .  . 

.088 

224 

106.42 

14.84 

—.078 

.005 

277 

169.07 

27.61 

24.15 

8.22 

4.  Auguiarijudgroeat. _ _ _ : _ _ _ 

5.  Aviation  endet:  ' 

277 

Qualifying  AC12J  (total  toe  re) _ 

.049 

277 

163.33 

27.18 

Peri  1.  Electrical-  Mete. — 

Pert  It.  GotUehaldi  fi£u?ea_.. _ 

.124 

—.038 

2?2 

222: 

17.98 

27.33 

6.14 

8.19 

Pert  III.  Lin*,  length,  point  diaiance— 

.044 

222 

51.87 

10.70 

Pert  IV.  Judgment _ - 

.039 

222 

13.65 

3.13 

■  Pert  V.  Plying  Information _ _ _ 

.030 

222 

22.14 

6.85 

Pert  VI.  Mechanical  principles _ 

.068 

222 

83.02 

9.45 

8.  Gunnery  aptitude* 

Teat  AC30A  (total  score).  - _ - 

—.089 
— .076 

277 

126.47 

18.42 

25.59 

4.67 

Pert  I.  Gunnery  Interest _ £ - 

222 

Pert  II.  Plane  memory - ; _ 

—.049 

222 

21.42 

7.65 

Pert  III.  Gunnery  learning. 

Pert  IV.  Mechanical  f  principle*. _ _ 

—.041 

.012 

222 

222 

27.99 

17.72 

6.38 

4.52 

Part.  V.  Mathematics  .  ,  . 

—.027 

222 

16.49 

4.41 

Pert.  VI.  -Speed  of  Identification _ _ 

—.016 

222 

28.80 

7.66 

T.  Rlofraphipml  data  blank,.  ...  .  ..  ..  . 

.080s 

277 

7.87 

3.18 

*  Ratlin  a’fln:fl  of.-ralnctty' 

—.005 

277 

22.74 

5.18 

9.  Identification  of.  velocity 

10.  Estlmeticu  of  relative  velocity.  - 

—.008-; 

.011 

277 

277 

80.13 

29.19 

5.55 

5.72 

11.  Opinion  poll  -  ' 

12.  Technical  vocabulary. 

-,095 

.023 

. 

203 

182 

283.73 

108.36 

30.98 
'  16.10 

1 H  for  th#  mesiaand’ standard  deviation;  for  the  r-lt ..may  aametlmea  be  a  little  smaller. 


Table  9.16  shows  the  intercorrelations  of  JamrHandy  with  the 
other  criteria.  None  of  the  criteria  correlated  significantly  with 
Jam-Handy.  •  ‘  ' 

Table  9.15. — Meant,  standard  deviations,  and  intercorrelations  of  criteria  for 
experimental  battery  (N =21,6-277,  clast  44-4,  Buckingham,  first  q:<irt«r. 


Criterion 

i 

2 

3 

4 

,  5:- 

« 

M 

I'D 

1.  Gunnery  final,  form  C _ _ 

0.108 

0.107 

0.062 

0.055 

0.028 

126.3 

8.37 

2.  Sheet  xhoctlng - 

0.108 

.626 

.158 

.061 

.080 

61.8 

10.76 

3.  Sheet  with  moving  baee _  . 

.107 

.826 

.161 

.108 

.7.65 

—.041 

.071 

53.6 

64.5 

9.17 

8.77 

4.  Turret-mounted  shotgun*. _ 

.062. 

.168 

.161 

5.  Jeep-pulled  target* ;  machine 

.055 

.061 

.108 

.165 

.023 

23.8 

5.12 

ft'JUa 

6,  J*m  H*ndr- _  _ _ _ 

.028 

.080 

-.041 

.071 

.023 

4.2 

1.26 

- 

*3ome  time  before  the  investigation  just  referred  to  was  under¬ 
taken,  a  printed  examination  known  as  AC30A  had  been  de- 
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veloped  as  an  aptitude  test  for  flexible  gunners ;  as  part  of  the 
validation  procedures  for  this  test,  correlation  coefficients  with 
the  Jam-Handy  trainer  were  determined.  Again  the  correlation 
coefficients  with  the  Jam-Handy  trainer  were  determined.  Again 
the  correlation  of  the  total  test  and  its  parts  with  the  Jam-Handy 
scores  appeared  to  be  very  low.  They  are  reported  in  detail  in 
chapter  6. 

AAFSAT  Synthetic  Trainer  , 

As  the  program  for  the  training  of  B-29  gunners  got  under 
way,  the  Strategic-Bombardment  Section  of  the  Army  Air  Forces 
Board  came  out  with  a  synthetic  trainer  for  B-29  gunnery  based 
on  the  E-14,  or  Jam-Handy,  trainer.  Research  personnel  were 
sent  to  Orlando  where  the  trainer  was  located  to  conduct  an 
experimental  investigation  of  the  trainer. 

Description. — The  trainer  that  the  Board  had  developed  was  a 
standard  E-14  Trainer  with  B-29  pedestal  and  ring  sighting  sta-. 
tions  installed.  It  was  frequently  referred  to  as  a  dual  projection 
trainer  because  the  combining  glass  in  the  sighting  head  had  been 
replaced  by  a  mirror  which  projected  an  image  of  the  sight  reticle, 
onto  the  screen.  As  the  attacks  developed  on  the  screen  it  was 
the  gunner’s  job  to  track  and  frame  the  oncoming  plane.  The 
instructor  observed  performance,  and  when  he  decided  that  the 
gunner  was  properly  tracking  the  plane  (defined  as  having  the 
center  of  the  sight  reticle  on  the  image  of  the  fighter) ,  and  framing 
it  (having  the  circle  of  dote  approximately  the  diameter  of  the  • 
plane’s  wingspan) ,  he  would  close  a  switch  which  would  cause  a 
counter  to  register  “hits,”  opening  it  when  the  student  got  “off” 
the  target.  In  the  observations  summarized  here  three  observers 
were  used  in  the  scoring.  The  method  of  combining  their  observa¬ 
tions  is  not  clear  from  the  report,  which  reads  “One  member  of 
the  experimental  staff  read  the  B-29  Synthetic  Trainer  clocks' 
which  were  used  to  record  the  number  of  rounds  fired  and  the. 
length  of  time  the  observers  individually  held  down  their  keys, 
expressed  in  terms  of  rounds  fired  during  that  time.”  It  is  pre¬ 
sumed  that  clocks  recorded  a  number  representing  rounds  fired 
each  time  the  subject  pressed  the  trigger.  Since  the  method  of 
projecting  the  reticle  onto  the  screen  involved  removing  the 
gyroscopes  from  the  -sights,  it  is  possible  that  the  gunner’s  task 
was  changed  significantly  by  the  resulting  disturbance  of  the 
*  inertia  and  balance  of  the  elevation  system. 

Experimental  procedure. — The  observations  at  Orlando 18  were 
■j  undertaken  to  answer  the  following  questions: 

"The  project  omccr  for  this  study  was  Capt.  Alfred  C.  Jensen,  assisted  by  ’.t.  Clarence 
W.  Willey  and  Sgt  Carl  Martens. 
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1.  How  long  should  *  student  operate  a  sighting  station  on  the  synthetic 
trainer  during  one  period? 

2.  What  is  the  optimum  number  of  periods  of  instruction  to  schedule  on 
any  one  day  of  the  gunnery  course? 

8.  How  can  the  student  learn  most  expeditiously  to  track  and  frame 
smoothly? 

4.  Do  gunners  differ  basically  in  their  ability  to  adapt  themselves -to  B-29 
gunnery  training,  and  if  so,  how  can  naturally  superior  gunners  be  selected? 

B.  How  much  training  i3  necessary  to  bring  the  student  to  a  satisfactory 
level  of  ability  in  tracking,  ranging,  and  in  simultaneously  tracking  and 

r%5 wfiat  is  the  place  of  tho  AAFSAT  Synthetic  Trainer  in  a  course  of 
instruction  for  B-29  gunners? 


Forty-two'  gunners  of  unreported  background  and  ability  fired 
10  trials,  one  trial  daily,  using  the  pedestal  sighting  station,  and 
13  trials  daily  using  the  ring  sighting  station.  Each  trial  was  of  ' 
four  minutes  duration  and  consisted  of  16  attacks  of  unreported 
duration  and  direction  of  origin.. 

Results.— * The- results  of  these  trials,  converted  to  percentage  ' 
of  hits,  were  used  as  fhe  basis  for  determining  the  curve  of  learn¬ 
ing  for  the  pedestal  and  ring  sighting  stations,  which  are  pre-  • 
sented  in  figure  9.10.  The  data  tire  given  in  table  9.16. 

In  another  set  of  observations  5  bombardiers  (group  A),  10 
ex-combat  gunners  (group  B),  10  graduate  gunners  (group  C), 
and  10  inexperienced  (presumably  naive  or  untrained)  gunners^' 
(group  D)  fired  10  trials,  1  trial  daily,  using  the  pedestal  sighting 
station.  Each  trial  was  of  4  minutes  duration  and  included  16 
attacks.  The  results  of  these  trials,  converted  to  percentage  of 
hit3,  were  used  as  a  basis  for  determining  learning  curves  by 
groups  for  the  pedestal  sighting  station.  These  data' are  shown- 
graphically  in  figure  9.11  and  are  given  also  in  table  9.17.  > 


table  9.16.— Learning  on  the  AAFSAT  B-29  synthetic  trainer:.  Means  fliuf 
standard  deviations  of  percent  of  hits  scored  by  trials  on  ring  and  pedeste* 
sighting  stations  (N=42,  Orlando,  July  I9kh)  •  • 


Pedestal  station^ 

Rim  station 

Trial 

M 

SD 

_ _ _ L. 

H 

- 

SD 

, 

17.72 

7.81 

14.98 

•  4.73 
5.35 
7.69 
4.92 
5.61 
7.34 

2  _  _ 

32.07 

11.19 

18.01 

a .  .  *  _ _ 

30.20 

12.29 

19.61 

4 _ 

35.20 

9.13 

18.98 

K  _ 

34.09- 

8.77* 

20.07 

36.05 

10.19 

20.00 

7 

31.03 

8.51 

19.60 

3.38 

6.0T 

6.65 

7.02 

5.84 

0,56 

30.49 

9.98 

21.29 

22.55 

20.87 

23.48 

25.37 

a  _  .  -  _ 

37.28 

11.46 

U-_  '  . 

39.39 

7.57 

— 

21.40 

7.80 

The  same  four  groups  of  subjects  completed  13  daily  trials 
from  the  ring  station,  trials  being  identical  with  those  in  other 
situations  cited.  The  results  were  conv./ted  to  percentage  of 
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hits  and  plotted  as  a  learning  curve  by  groups  for  the  ring  sta¬ 
tion.  The  data  are  shown  in  table  9.17  and  are  graphically  rep- 
\  j  resented  in  figure  9.12. 

Ten  gunners,  selected  fcr  their  superior  firing  records  on  the 
s  trainer,  fired  44  minutes  consecutively  from  the  ring  sighting 

f  station  in  an  effort  to  reveal  symptoms  of  fatigue  and  derive  an 

I  indication  of  the  optimum  amount  of  time  that  should  be  devoted 

to  the  trainer  in  a  single  practice  period.  The  results  of  this 
practice,  converted  to  percentage  of  hits,  are  plotted  in  figure  9.13 
and  shown  in  table  9.18. 

According  to  data  shown  in  table  9.18,  there  was  no  serious 
decline  in  efficiency  throughout  the  entire  work  period. 

The  statistical  results  of  the  observations  reported  above  do  not, 
in  themselves,  furnish  satisfactory  answers  to  any  of  the  original 
questions,  primarily  because  of  the  low  reliability  of  daily  scores 
as  indicated  by  an  average  inter-day  correlation  of  0.29  for  the 
percent  of  hit  score  on  the  pedestal  sight  and  .51  for  the  same 

,  ^  score  on  the  ring  station.  See  table  9.19. 

*'1  %  *  » 

Table  9.17. — Learning  on  the  AAFS AT  B-29  synthetic  trainer:  Mean  percent 
'  of  hits  scored  by  trials  on  pedestal  and  ring  sighting  stations  (four  groups 

of  subjects:  A,  S  bombardiers;  B,  10  combat  gunners;  C,  10  graduate  gun¬ 
ners;  D,  10  untrained  gunners,  July,  1844) 


Trial 

Pedestal  station 

Ring  aUtlon 

A 

B 

0 

I> 

A 

B 

C 

D 

2.  ...  ■ 

4  -  _ 

11.2 

20.7 

19.1 

26.2 
18.0 

21.7 
14.2 
27.6 
26.4 
28.9 

15.8 

26.5 
18.1 

26.9 
20.8  • 
26.1 

23.5 
24.0 
25.0 
27.0 

12.8 

18.0 

17.8 

23.4 

28.7 
22.3 

23.2 

28.2 

25.7 
28.6 

9.1 

25.0 

19.0 

18.0 

17.5 

17.8 
22.2 

18.8 

23.5 
10.0 

12.2 

19.0 

23.5 
20.9 
24.8 

25.7 
21.3 
26.2 

27.7 

28.7 

80.8 

28.5 
17.8 

17.2 
19.0 

24.6 
£0.5 

23.3 

26.4 
24.3 

21.5 
23.8 
24.0 

26.6 

23.7 
29.6 

18.6 

16.5 

13.3 
16.8 
16.2 

15.5 

17.5 
1*7  7 
18..* 

13.6 

17.4 

19.4 

23.6 

15.5 
18.0 
19.0 

19.1 

18.5 

17.8 
16.0 

21.1 
23.0 
21.2 

22.9 
.  31.0 
1  1C.  6 

1 \  1 

12  _  -  _ 

IS 

■  Table  9.18 .—Influence  of  fatigue  on  performance  on  the  AAFSAT  B-29  syn -  ■ 
tketic  trainer:  Mean  percent  of  hits  scored  on  10  consecutive  trials  (N=10, 
Orlando,  July  1944)  \ 


Trial 

!  . 

Mean  percent 
of  hit* 

Trial 

Mean  percent 
of  bits 

’  1.  -• _  _ 

36.8 

43.7 

40.6 

43.7 

36.7 

6_. 

40.8 

37.7 

39.8 
•87.9 

,  39.4 

7__ 

a....  ....  __  _  . 

R 

n 

10 

|  •  f 
\ 
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TABLE  9.19.— -Reliability  of  AAFSAT  B-29  synthetic  trainer :  Intereorrela - 
tiont  of  daily  scores  in  terms  of  percent  kite  made  from  pedestal  and  ring 
niffhtine  stations,  (N=42,  Orlando,  third  quarter,  1944) 


Discussion  of  results. — It  will  be  noted  that  the  reliabilities 
obtained  for  the  ring  station  became  satisfactory  when  scores  for 
3  and  5  days  were  combined.  '  '  ,  .  .  . 

Data  are  reported  in  table  9.20  which  suggest  that  observer, 
agreement  in  the  scoring  situation  ran  quite  high,  but  the  nature 
of  these  data  is  not  sufficiently  known  to  allow  further  elaboration. 

The  fact  that  the  ring  station  was  approximately  twice  as  far 
from  the  screen  as  the  pedestal  station  precluded  direct  compari¬ 
sons  of  data  obtained  on  performance  at  the  two  stations.  • 
Although  the  statistics  resulting  from  these  observations  were 
not  very  fruitful,  considerable  insight  into  the  operation  of  the 
trainer  and  into  problems  related  to  it  was  gained,  which  enabled/ 
the  observers  to  give  at  least  partial  answers  to  the  questions  ■ 
posed  at  the  beginning  of  the  investigation. 

1.  How  long  should  a  student  operate  a  sighting  station  on  the 
trainer  continuously  during  one  period ? — In  the  fatigue  experi¬ 
ment,  10  gunners  operated  the  ring  station  continuously  for  44  . 

Table  9.20. — Reliability  of  18  observers  in  scoring  160  attacks  on  the 
AAFSAT  B-29  synthetic  trainer,  (Orlando,  third  quarter,  1944)  ' 


Observers 

correlated 


vs. 


Beaton _ 

Surbaugh— 

Trolta _ 

Terry - 

Mayer _ 

Anderacs— 

Flynn - 

■  Kurman _ 

Garrison— 


Clapp _ 

Sullivan— 

Taylor.. _ 

M-cGlnnls _ 

Manor _ 

Collins _ 

Gregory - 

Adams— _ 

Phillips— 


Mi'. 

SDt 

M, 

SDj 

20.09 

14.27 

■  20.19 

19.07 

0.77 

28.01 

17.38 

28.31 

20.72 

.87 

40.63 

25.02 

31.22 

22.68 

,82 

'24.22 

15.59 

31.91 

28.21 

.71 

28.41 

1-1.54 

31.50 

15.31 

.53 

13.41 

11.81 

13.30 

11.99 

.79. 

19.38 

10.77 

15.03 

13.70 

.84 

33.84 

22  87 

34.19 

22.33 

.85 

18.19 

13.07 

20.31 

14.03 

.77 
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minutes.  The  results  can  be  noted  in  table  9.18  and  figure  9.13. 
There  was  no  serious  general  decline  in  efficiency  during  the 
period  of  firing.  It  was  the  general  belief  of  the  subjects,  how- 
ever,  that  they  experienced  slight  muscular  fatigue  after  approxi¬ 
mately  20  minutes  of  continuous  operation,  and  that  some  eye 
fatigue  was  apparent  at  the  end  of  44  minutes  of  practice. 

Since  no  gunnery  school  schedule  was  likely  to  permit  as  long  a 
period  of  uninterrupted  practice,  there  was  no  concern  that  a 
practice  session  might  be  continued  to  the  point  where  fatigue 
would  seriously  reduce  training  efficiency,  providing  sufficient 
motivation  was  maintained. 

2.  What.  is  the  optimum  number  of  periods  of  instruc.tion  to 
schedule  on  any  one  day  of  the  gunnery  course?— r In  light  of  the 

'  preceding  paragraph  there  would  be  no  objection  to  scheduling  a 
number  of  periods  of  instruction  on  any  1  day  of  the  gunnery 
course.  Within  the  limits  of  such  scheduling  ordinarily  en¬ 
countered  in  gunnery  school  programs,  fatigue  of  the  student  was 
not  likely  to  prove  a  serious  factor,  if  motivation  were  maintained. 

3.  How  can  the  student  learn  most  expeditiously  to  track  and  , 
range  smoothly? — It  must  be  expected  that  some  students  will  * 
show  a  high  degree  of  skill  as  soon  as  initial  orientation  to  the 
sighting  system  is  accomplished,  while  others  will  exhibit  little 
proficiency  no  matter  how  long  their  training  is  continued. 
Others  will  show  varying  degrees  of  sudden  or  gradual  improve¬ 
ment.  Efficiency  of  learning  with  this  trainer,  as  with  any  other, 
depended  on  providing  a  good  training  situation  and  maintain¬ 
ing  strong  motivation.  The  subjects  manifested  a  very  satis¬ 
factory  degree  of  motivation  throughout  the  entire  series  of  tests. 
This  motivation  probably  resulted  from  a  confidence  in  the  value 
of  the  trainer  which  was  shared  by  the  subjects  and  the  experi¬ 
mental  and  instructional  staff,  a  constant  effort  of  the  instructors  _ 
to  improve  performance,  and  the  availability  of  quantitative 
scores  which  were  accepted  by  the  subjects  as  adequate  in  spite  of 
the  recognized  subjective  element  in  the  observers’  judgments  of  ‘ 
performance.  Duplication  or  improvement  of  these  conditions* 
in  regular  gunnery  school  instruction  on  the  B-29  E-14  Trainer 
was  believed  able  to  provide  the  maximum  possible  degree  of 
progress  in  the  acquisition  of  tracking  and  ranging  skill. 

4.  Do  gunners  differ  basically  in  their  ability  to  adapt  them- 
selves  to  B-29  gunnery  training,  and  if  this  is  true,  by  what  means 
can  the  naturally  superior  gunners  be  selected? — The  first  part  of 
this  question  has  been  answered  affirmatively  under  3  immediately 
above.  The  naturally  superior  gunners  might  have  been  selected 
by  trying  them  out  in  actual  operation  of  the  sighting  stations  of 
the  trainer.  About  5  trials  of  4  minutes  each  were  believed  ade- 
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quate  to  indicate  the  subsequent  general  level  of  performance; 
however,  'final  judgment  on  this  point  was  not  justified  by  the 
data  derived  from  the  experiment 

6.  How  much  training  is  necessary  to  bring  the  gunnery  student 
to  a  satisfactory  level  of  ability  in  tracking,  in  ranging ,  and  in 
simultaneously  tracking  and  ranging?— In  the  light  of  results 
available,  the  experimental  staff  believed  120  minutes  of -actual 
operation  by  each  student  represented  a  practical  and  conservative 
standard  for  gunnery  school  use  of  the  trainer. 

6.,.  What  is  the  place  of  the  AAFSAT  Strategic  Bombardment 
Section  Synthetic  Trainer  in  r,  course  of  instruction  for  B-29  gun¬ 
ners ? — It  was  recommended  that  the  B-29  E-14  Trainer  should 
be  considered  as  a  possible  means  of  giving  ground  training  to 
B-29  gunners.  - 

The  DeVry  Panoramic  Trainer 

An  example  of  the  findings  of  psychological  research  resulting 
in  the  rejection  of  a  proposed  gunnery  training  device  is  seen  in 
the  story  of  the  DeVry  Panoramic  Trainer  (3A-ll-Mark  I  and 
3A-ll-Mark  II).  ; 

Description. — This  trainer  was  a  device  composed  of  a  hydrau¬ 
lically  operated  turret  mechanism  upon  which  was  mounted  a 
motion  picture  projector  unit.  This  unit  projected  on  a  stereo¬ 
scopic  screen  (two  ground  glass  screens  approximately  2"  x  2 W' 
in  size)  photographs  of  various  pursuit  curve  attacks  similar  to 
those  found  on  Jam-Handy  (E-14)  films.  The  student  sat  in 
the  turret  with  his  face  against  a  view-piece,  containing, a  stereo¬ 
scopic  lens  arrangement,  and  viewed  the  attacks  as  projected  on 
the  screen.  By  proper  manipulation  of  the  turret,  a  ring  sight, 
cast  on  the  screen  from  a  second  projector,  could  be  moved  to  the 
proper  point  of  aim  with  reference  to  the  attacking  plane.  When 
the  student  aimed  properly  in  both  azimuth  and  elevation,  two 
slits  in  attached  scanning  bars  became  aligned,  allowing  light  to 
reach  photo-electric  cells.  The  photo-electrically  activated  scor¬ 
ing  mechanism  recorded  the  number  of  shots  fired  and  the  hits 
obtained.  The  student  was  immediately  informed  of  his  hits  by 
a  red  light  flashing  on  the  screen.  The  machine  contained  enough 
film  in  a  continuous  loop  for  a  4%,-minute  run  presenting  14 
attacks.  At  the  end  of  each  run  the  device  automatically  stopped 
and  could  be  started  immediately  by  pressing  a  button. 

Experimental  evaluation  I. — A  preliminary  evaluation  of  the 
Mark  I  version  was  conducted  at  Buckingham  in  November  of 
1943.17  For  lack  of  a  more  suitable  criterion  the  E-14  Trainer 

w  The  project  omcer  for  this  study  was  Capt  Theodore  It.  Vallauce.  Ho  was  assisted  by 
3gt.  Rudolph  Goodman, 
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wm  chosen  since  it  could  be  scored  with  satisfactory  reliability. 

Thirty  students  in  their  third  week  of  gunnery  training  were 
obtained  as  subjects  and  given  a  pre-test  on  the  E-14  Trainer 
using  a  film  known  as  “Various  Attacks,1 ”  showing  a  cycle  of  25 
attacks  coming  from  varying  directions.  E-14  Trainer  personnel 
were  informed  of  the  nature  of  the  test  and  carefuly  instructed  in 
the  scoring  of  first  bursts  to  assure  a  standard  measure  of  per¬ 
formance.  All  subjects  fired  and  were  scored  on  the  same  at-  * 
tacks  on  both  the  pre-test  and  the  post-test.  The  subjects  were 
divided  into  two  equal  groups  on  the  basis  of  pre-test  perform¬ 
ance.  The  control  group  continued  with  the  regular  gunnery 
course,  which  included  instruction  on  the  E-14  Trainer.  The 
experimental  group,  in  addition  to  the  regular  training  in  the 
gunnery  course  on  the  E-14  Trainer,  received  20  trials  of  4 % 
minutes  each  on  the  DeVry  Trainer,  3  trials  on  the  first  day,  2  on 
each  of  the  next  7  succeeding  days,  arid  3  trials  again  on  the  ninth 
day.  The  same  practice  film  was  used  throughout.  Scores  by 
trial  and  by  day  were  recorded  in  terms  of  percent  hits.  On  the 
tenth  day  both  groups  were  post-tested  on  the  “Various  Attacks” 
film  on  the  E-14  Trainer. 

Results,  Experiment  /. — The  data  are  presented  in  table  9.21 

below.-  s  •  .*  .  • 


Tab  lx  9.21. — Meant,  standard  deviations,  difference  and  significance  of  dif¬ 
ference  in  gains  between,  control  and' experimental  groups  on  initial  and  ' 
final  tests  on  E-H  trainer  (Buckingham,  December  1H3) 


N 

— : - 

,  Pr#-t«wt 

Post-teet 

Pre-post- 
test  gain 

Differ¬ 
ence  In 
gain 

w 

SD 

M 

8D 

.  t 

15 

121.8 

24.2 

187.S 

88.5. 

65.5 

15 

123,1 'I 

23.9 

182.5 

32.3 

'  59.4 

|  6.10 

*1.77 

*The  difference  in  (tins  would  occur  by  ihanca  about  9  times  In  100,  and  is  not  considered 
reliable.  .  v. 


With  a  f  of  2.26  required  for  significance  at  the  5  percent  level,  it  * 
is  clear  that  no  significant  diftvences  were  found  in  the  mean 
gains  of  the  two  groups  from  th-  pre-test  to  the  post-test.  The 
absence  of  a  difference  may,  it  is  ‘rue,  have  been  due  in  part  to 
the  difference  in  the  tasks  :  the  L- 14  was  a  hand-held,  or  free, 
gun  situation,  whereas  the  DeVrj  involved  manipulation  of  a 
turret.  Nevertheless,  whatever  tl-  benefit  to  skill  in  judging, 
deflections  that  may  have  accrued  Aom  practice  on  the  DeVry, 
such  benefit  did  not  show  up  in  the  E- » 4  situation. 

Some  additional  observations  were  \  ade  regarding  the  opera¬ 
tion  of  the  DeVry,  which  pointed  out  reral  practical  objections 

136 


to  the  device:  The  continuous  loop  of  film  involved  considerable 
maintenance.  The  light  slits  in  the  scoring  mechanism  Were  too 
small  to  permit  a  sufficient  sample  of  successful  shooting.  The 
fluctuations  in  score  due  to  fluctuations  in  line  voltage  were  so 
great  that  differences  in  scores  from  student  to  student  could  not 
be  relied  upon  as  indicating  differences  in  ability.  The  films  sup¬ 
plied  did  not  specify  the  speed  of  the  bomber,  which  rendered  ‘ 
the  trainer  useless  for  Position  Firing  training.  Nor  did  they 
show  any  point  of  orientation  on  the  gunner’s  airplane,  necessary  .. 
to  determine  angle-off  and  thus  put  Position  Firing  rules  into 
effect.  The  fact  that  only  the  student  could  see  his  performance  • 
limited  the  instructional  possibilities  of  the  trainer. 

On  the  basis  of  these  findings  and  observations  the  recommen- 
dation  of  the  psychologists  that  the  trainer  not  be  adopted  for  use 
'in  the  Training  Command  was  followed. 

Modifications  and  later  models.— This  was  not  the  end  of  the 
DeVry,  however,  for  soon  a  modification  kit  was  provided  which 
eliminated  the  scoring  difficulties,  and  included  new  films  with' 
orientation  points  so  that  the  student  could  determine  the  angle- 
off  of  the  attacking  fighter..  No  tests  v/ere  conducted  of  the  . 
trainer  with  the  modifications  included.  Shortly  after  the  modi¬ 
fications  were  made  on  the  Mark  I  Trainer,  a  n6w  model,  the 
Mark  II,  appeared.  This  model  embodied  all  the  improvements 
of  the  modification  kit  and  was  in  addition  much  more  stable 
mechanically,  involving  very  much  less  maintenance.  ’• 

Experimental  evaluation  II. — An  experiment  was  conducted  in 
collaboration  with  the  Department  of  Psychology  of  the  School  ' 
of  Aviation  Medicine  which  was  designed  to  determine  the  influ¬ 
ence  of  practice  with  the  DeVry  (Mark  II)  on  gunnery  proficiency  .  - 
as  measured  by  the  gun  camera.  The  experiment  had  other  pur¬ 
poses  but  only  those  related  to  the  DeVry  are  described  here.18  , 

All  subjects  in  this  experiment  were  graduates  of  the  Basic 
Gunnery  School  at  Laredo,  and  had  Army  General  Classification 
Test  scores  of  120  or  better.  The  16  men  concerned  with  the 
DeVry  had  been  trained  in  the  operation  of  the  Martin  turret.  • 
On  the  first  day  of  the  experiment  the  subjects  were  pre-tested  on 
the  DeVry  Mark  II  for  about  15  minutes. 

Each  subject  was  given  three  carefully  controlled  gun  camera 
missions  in  the  Martin  turret  of  a  YB-40  airplane,  (a  modified 
B-17  equipped  with  both  Martin  and  Sperry  upper  turrets), 
each  mission  consisting  of  6  attacks  by  a  P-40  airplane.  Three 

attacks  began  at  the  9  o’clock  position  and  3  at  3  o’clock;  all  were 

_  _  / 

.  “ThU  project  was  conducted  In  collaboration  with  tha  School  of  Aviation  Medicine,  rep¬ 
resented  by  Capt.  Moncrlotf  H.  Smith.  Capt.  Mason  Halrc  and  S/SgU  Ulner  C.  repre¬ 

sented  the  Research  Division  of  CSFO, 
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flown  on  pursuit  curves.  Despite  great  precautions,  conditions 
beyond  the  control  o i  the  experimenters  resulted  in  many  aborted 
attacks  and  hence  Incomplete  missions.  Gun  camera  films  were 
developed  overnight  and  were  given  a  preliminary  scoring  next 
morning  so  that  subjects  could  know  the  nature  of  their  per¬ 
formance  of  the  preceding  day  before  the  next  mission  that  after¬ 
noon.  The  method  of  developing  and  scoring  the  gun  camera 
film  was  by  this  time  fairly  highly  developed  and  standardized, 
and  is  reported  elsewhere  ih  this  chapter;  suffice  it  at  this  point 
to  say  that  reliability  of  scoring  in  this  study  was  satisfactory. 
After  the  3  gunnery  missions  were  completed  the  16  subjects 
were  given  4  trials  daily  on  the  DeVry  Mark  II  for  12  days.  Ap¬ 
paratus  difficulties  prevented  each  gunner  from  completing  more 
than  44  trails ;  each  trial  consisted  of  44  attacks. 

Following  practice  on  the  DeVry  Trainer  the  subjects  were' 
again  given  3  gun  camera  missions  of  6  attacks  each  using  the  ' 
same  procedure  as  before.  Table  9.22  summarizes  the  measures 
of  the  gunner’s  proficiency  on  the  three  gun  camera  missions 
before  and  after  practice  on  the  trainer.  j 

Table .9.22. — Gunnery  proficiency  on-gun  camera  mission s  before  and  after  ; 
practice, on  panoramic  gunnery  trainer:  Means,  standard  deviations  on  pre¬ 
test  and  post-test,  and  difference  and  significance  in  circular  errors,  in  mils 
(Laredo,  Sd  quarter,  19H)  .  •  ’ 


* 

N 

Mission  1-4 

Mission  4-8 

DIS 

8B«Uft 

X 

8D 

M. 

8D 

Circular  Error 1 _  _ 

ie 

25.80 

8.28 

25.65 

5.35 

0.15 

1.50 

t  *  H  (  »- 

*  Tor  dsflnitloa  of  circular  error,  im  p.  22X.  . 

The  data  in  table  9.22  indicated  that  there  was  no  significant  , 
change  in  the  gun  camera  performance  of  the  subjects  as  a  con¬ 
sequence  of  the  intensive  training  on  the  DeVry  Panoramic 
Trainer.  However,  these  findings  appeared  not  to  be  definitely 
against  the  DeVry,  for,  as  pointed  out  elsewhere  in  the  chapter, 
it  is  altogether  possible  that  the  subjects  had  reached  their  ceiling 
of  gun  camera  proficiency  long  before  receiving  the  benefits  of 
the  DeVry,  making  it  unlikely  that  performance  on  the  last  1 
missions  could  have  been  raised  by  any  means. 

Rank-order  correlations  were  computed  between  scores  on  the 
DeVry  and  scores  on  the  gun  camera.  These  indicated  only  very 
small  relationships  among  the  scores,  suggesting  that  either  the 
two  tasks  or  the  several  scores  had  very  little  in  common.  This 
argued  against  the  suggested  use  of  the  DeVry  as  a  selection  test,  j 
for  gunners.  See  table  9.23, 

* 

'  .  .  ’  -  •  i 
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Tabus  9.23. — Rank  order  correlation  between  Martin  gun  camera  ecoret  (cir¬ 
cular  errore)  and  hit  and  percent  hit  ecoret  oh  the  DeVry  panoramic 
trainer  (N**10  Laredo  3d  quarter,  1944) 


Learning  on  the  DeVry. — Observations  made  during  the  period 
of  practice  on  the  trainer  revealed  further  information.  Scores 
on  the  trainer  are  shown  in  figure  9.14,  and  indicate  considerable 
improvement  during  the  first  8  days  of  training.  The  decline  * 
during  the  last  3  days  may  have  been  due  to  decline  in  motivation  - 
of  the  subjects.  The  two  trainers  and  the  four  films  used:  in  the  1 
training  period  showed  considerable  differences  among  themselves.  | 
Trials  for  each  gunner  were  counterbalanced  30  that  each  gunner  ■  ■ 
used  each  film  in  each  of  the  two  apparatuses  equally  often  during  j 
the  first  eight  days'  of  training.  This  counter-balancing  plan  •  i 
could  not  be  followed  during  the  last  four  days  because  of  main-  ! 
tenance  difficulties  with  apparatus  No.  2.  An  analysis  of  vari¬ 
ance  in  the  trainer  scores,  shown  in  table  9.24,  indicated  that  ' 
differences  in  scores  due  to  the  apparatus  used  accounted  for  most  j 
of  .the  variance  in.  the  mean  total  scores  for  the  entire  training 
period.  That  is,  differences  between  scores  of  the  gunners  could 
be  almost  entirely  accounted  for  by  the  U3e  of  different  films  and  ! 


Table  9.24 .—Analytit  of  variance  bf  percent, hits  ecoret,  /Ume  1  and  1  and' 
filmt  3  and  4  grouped. — DeVry  panoramic.  Trainer  Mark  II  (Laredo,  3d 
quarter,  1944)  .  ' 


1 3*  i'tttoa  requited  for  algaifleanee  at  B  perceat- level; 
*I'-ratloe  required  for  »l*niflctne#  at  1  percent  level. 


different  training  apparatuses  rather  than  by, differences  in  their 
individual  abilities. 

The  weakness  in  the  scoring  mechanism  made  itself  apparent 
during  the  training  period.  it  was  found  to  be  very  difficult  to 
maintain  uniform  sensitivity  of  the  photoelectric  scoring  system 
from  day  to  day  by  the  use  of  the  calibration  technique  pr  ded 
for  the  device.  - 

Results  and  conclusions.— As  a  result  of  these  findings  it  was 
recommended  to  higher  headquarters  that  the  trainer  was  ‘“not 
yet  S‘>  'luate  for  general^  distribution  as  a  training  device  or  as  a 
test  of  gunnery  proficiency.”  As  a  result  of  this  recommendation 
all  developmental  work  on  the  device  was  cancelled.  <  ■, 

.  .  .  •  -  .  •■"»«,*  •’  •; 

SHOT  GUN  RANGES  .  •  ..  , 


Introduction  ‘ 


Shot  gun  ranges  were  used  very  early  in  the  development  of 
gunnery  training,  and  persisted  until' the  end  of  the  war.  They, 
underwent  various  modifications  designed  to  increase  their  simi¬ 
larity  to  gunnery  methods  in  use  in  combat  and  to  adapt  them  to 
new  developments  in  sighting  methods  and  in  equipment.  In  spite 
of  the  differences  between  shot  gun  firing  on  the  various  ranges 
and  the  firing  of  machine  guns  in  aerial  combat,  many  gunnery 
officials  attached  definite  importance  to  shot  gun  firing  as  part  of 
the  training  of  gunners.  Nevertheless,  various  studies  were  car¬ 
ried  out  in  an  effort  .to  discover  the  adequacy  of  these  ranges.1*  . 

-  -  ..  *  ^  ,  l  *  ‘  y*  ,  *  • 

Skeet  aud  its. Modifications  -r  • 

In  the  earliest  days  of  the  gunnery  program,  the  well-known 
sport  of  skeet  possessed  two  advantages  as  a  gunnery  trainer: 
first,  the  fact  that  it  required  the  gunner  to  track  and  lead  a  mov¬ 
ing  target ;  and  second,  the  fact  that  equipment  and  trained’  in¬ 
structors  were  already  available..  These  advantages  of  conven¬ 
tional  skeet  became  of  less  importance  as  clearer  conceptions  of  the 
gunner’s  problem  were  developed,  and  as  other  trainers  were  con¬ 
structed.  In  the  meantime,  however,  skeet  had  taken  on  various 
forms  having  somewhat  greater  face  validity.  Conventional  skeet 
was  no  longer  required  after  December  194b,  and  modified  skeet 
was  dropped  in  May  of  1944. 

Description  of  the  Skeet  Range. — In  its  original  form,  skeet  was 
fired  by  using  an  unmodified  12-gauge  shotgun,  in  accordance  with 


"Studlee  of  the  reliability  of  the  shot-run  vanges,  unless  otherwise  specified, ^were  carried 
out  by  Sgt  Alexander  N.  Lerine.  Studies  of  the  learning  curres  unless  otherwise  specified, 
were  carried  out  hjr'S/Sgt.  Burton  R.  Wolln  and, Li,  William  B,  Schrader,  under  the  direc¬ 
tion  of  Capt  Lee  O.  Garber. 
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a  standardised  course  of  shots  from  each  of  eight  positions  of 
varying  degrees  of  difficulty,  at  clay  birds  ejected:  by  traps  so  as 
to  follow  a  standardized  flight  course.  The  instructions  given  the 
gunner  were  designed  only  to  permit  him  to  attain  the  highest 
possible  score  in  terms  of  number  of  birds  shattered.  A  reliabil¬ 
ity  for  this  type  of  score  was  found  to  be  0.84  (corrected  by 
SpearmanrBrown)  for  odd  25  vs.  even  25  shots  in  a  study  done  at 
Tyndall  in  i'j42'J9  however,  in  the  same  report,  questions  were 
raised  as  to  the  extent  to  which  skeet  resembled  the  job  of  the 
gunner  in  combat.  !  • 

A  variety  of  relatively  minor  modifications  of  skeet  developed 
early  in  response  to  experience  with  its  use  in  training.  Among 
other  things,  the  procedure  was  varied  by  giving  students  slightly 
more  practice  on  the  more  difficult  positions,  and  by  eliminating 
the  eighth*  position,  which  required  almost  vertical  shooting. 
Later,  during  the  summer  of  1944,  shotguns  provided  with  spade 
grips  and  mounted  on  swivels,  to  increase  their  similarity  to 
hand-held  machine  guns,' were  introduced. 

Learning  on  the  Sheet  Range. — -In  a  study  based  on  scores  of 
816  gunners  in  classes  44-31,  32,  33  at  Laredo,  a  learning  curve 
was  obtained  for  skeet,  thus  modified.  Since  instructors  were 
permitted  to  use  3  of  the  25  rounds  on  each  trial  to  give  each  indi¬ 
vidual  gunner  additional  practice  on  positions  which  gave  him 
greatest  difficulty,  the  trials  were  not  uniform.  All  gunners  had 
fired  one  previous  orientation  trial.  Results,  presented  in  table 
9.25  and  shown  graphically  in  figure  9.15,  indicated  that  an  up¬ 
ward  trend  in  scores  was  apparent,  but  that  the  trend  was  rela¬ 
tively  slight  when  measured  in  terms  of  birds  shattered  in  a  given 
trial.  -  ‘  '  k*  •• 

Table  9.26, — Learning  curve  data  far  tkeet  range;  mean  ecorca  and  percent 

kite  for  5  eucceetive  triale  of  SS  round*  each  (N—616,  claetee  JU--S1,  St,  St, 

Laredo,  July-Auguei,  1SU) 
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The  average  gunner  appeared  to  be  learning  relatively  little,  on 
the  skeet  range.  No  formal  investigation  of  the  validity  of  con-  ; 
ventiona!  skeet  or  its  simpler  modifications  was  carried  out  In-  1 
stead,  skeet  was  displaced  by  basic  deflection  firing,  a  close  coun¬ 
terpart,  on  the  basis  of  the  judgment  of  experienced  training  per- 

>  -  -  „  t 
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sonnel  that  the  Basic  Deflection  Range  resembled  the  gunner’s  * 
problem  in  position  firing  more  closely.  j 

Basic  Deflection  '  j 


Description  of  the  Basic  Deflection  Range. — rssentially,  the 
Basic  Deflection  Range  included  the  modifications  of  skeet  de-  ■ 
scribed  above,  with  one  additional  innovation.  An  iron  sight  : 
including  three  concentric  rings  was  mounted  on  the  shotgun  bar-  J 
rels,  and  these  were  designated  “1,”  “2,”  and  “3”  rads  as  required  j 
to  apply  position  firing  rules.  These  rings  were  so  designed  that 
by  sighting  along  the  appropriate  ring  and  a  post  mounted  on  the 
end  of  the  barrel,  it  was  possible  to  score  hits.  Proponents  of 
skeet  believed  that  this  range  helped  to  give  the  gunner  confidence  i 
in  sighting  systems,  and  it  provided  a  simple  introduction  to’ the 
use  of  sights  and  firing.  ; 

Reliability  of  Basic  Deflection  Range  scores.- r-A  study  of  the  ; 
reliability  ,  of  basic  deflection  scores,  conducted  at  Laredo  in  No¬ 
vember  1944  and  based  on  the  performance  of  95  students  firing  •  , 
25  rounds  on  each  of  6  successive  days,  gave  a  reliability  for  the  j 
total  score  of  0.87.  The  Hoyt  method  was  used.  For  the.  same  *  • 
data,  the  reliability  of  the  last  8  trials,  of  25  rounds  each,  turned  i 
out  to  be  0.82.  -j 

Learning  on  the  Basic  Deflection  Range.— A  learning  curve  for  * 
basic  deflection  firing  was  obtained  on  the  basis  of  scores  of  149  i 
men,  members  of  class  44-37  at  Laredo,  who  fired  on  this  range  as 
part  of  their  basic-  gunnery  training.  The  results,  presented  in 
figure  9;16  and  table  9.26  revealed  that  appreciable  improvement  , 
occurred  on  the  first  5  trials  but  that  the  remaining  2  trials  yielded  ; 
little  improvement.  This  indicated  that  learning  did  occur  under  j 
usual  training  conditions;  and  suggested  that  at  least  5  trials  were 
effective  in  producing  gains  in  proficiency. 


Table  9.26 — Learning  curve  data  for  basic  deflection  range:  Mean  ecoret 
and  percent  hits  for  7  successive  trials  of  1 5  rounds  each.  (N—149,  class 
44-37.  Laredo,  August  1944) 


The  value  of  the  Basic  Deflection  Range  was  assessed  in  a  study 
carried  out  at  Kingman.81  In  this  study,  the  effect  upon  moving 


“Tbe  Hludjr  i«  described  Ib  the  section  on  the  Morin*  Bate  Range,  p.  195. 
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.  base  and  gun  camera  scores  of  the  elimination  of.  basic  deflection 
firing  from  basic  gunnery  training  was  determined.  Since  the 
design  of  the  experiment  involved  the  Moving  Base  Range  as  a 
central  feature,  the  description  of  the  procedure  followed  will  be 
presented  in  the  following  section  on  the  Moving  Base  Range.  It 
may  be  noted  here,  however,  that  the  results  of  t!  ■»  Kingman  study 
gave  no  reason  to  believe  that  the  elimination  of  basic  deflection 
firing  would  have  any  appreciable  effect  on  proficiency  in  moving 
base  or  gun  camera  firing.  ;  ■  ; 

Moving  Base  Range  /■  •  -  ,  ■  “ 

Description  of  the  moving  base  range. — The  distinctive  feature 
of  the  variation  of  skeet  known  as  the  moving  base  range  was  the 
fact  that  it  required  the  gunner  to  fire  at  a  moving  target  from  a 
moving  base.  .  In  this  range,  the  moving  targets  were  skeet  birds ; 
the  moving  base,  a  truck  maintaining  a  speed  of  15  to  25  M.P.H., 
while  traveling  around  a  large  elliptical  track.  Typically,  the 
shotgun  which  the  gunner  fired  on  this  range  was  mounted  on  a 
swivel  and  equipped  to  provide  as  much  resemblance  to  a  hand- 
held  machine  gun  as  possible.  Since  gunners  were  not  likely  to 
have  had  much  previous  experiejce  in  firing  from  a  moving.mount, ' 
the  range  provided  an  opportunity  to  experience  the  influence  of 
this  movement 'on  the  path  of  the  shots  fired.  While  the  other 
shotgun  ranges  were  being  reduced  in  importance  in  gunnery 
training,  moving  base  advanced  from, 8  hpurs  and  150J rounds  in 
August  1943  training  standards  to  16  hours  and  300  rounds;  in 
the  May  1944  training  standards.  However,  the  gunner  was 
forced  to  rely  largely  on  the  instructor  to  know  where  to  shoot, 
and,  as  a  result,  this  trainer  failed  to  give  the  gunner  the  oppor¬ 
tunity  to  gain  increased  confidence  in  his, ability  to  use  correct 
sighting  methods.  •  *  •  I 

Reliability  of  Moving  Base  Range  scores.— A  study  of  the  re¬ 
liability  of  the  Moving  Base  Range  as  it  was  functioning  at  Laredo 
in  November  1944  showed  a  value  of  0.91  for  total  scores  on  10 
trials  of  25  rounds  each,  as  computed  by  the  Hoyt  method 
(N=229) .  For  the  last  100  rounds,  the  reliability  was  estimated 
at  0.80  by  the  same  methods  A  satisfactory  consistency  of  scores 
apparently  existed  frpm  trial  to  trial.  (An  earlier  study  of  reli- 
ability  in  February  1944  yielded  a  value  of  0.68  for  this  range, 
based  on  scores  of  about  250  basic  gunners  at_ Laredo). 

Learning  on  the  Moving  Base  Range.-  A  study  of  the  learning 
curve  on  Moving  Base  Range  was  conducted  at  Kingman.**  The, 
interpretation  of  the  results,  presented  in  table  9.27  and  shown 

“This  study  mi  done  by  Lt.  Ralph  V.  Wagoer  end  Lt  Thomas  P.  Gallagher. 
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graphically  in  figure  9.17,  la  complicate  by  the  fact  that  the  61 
gunners  included  in  the  determination  received  3  trials  of  76 


Table  9*27 .—Learning? curve  data  for  moving  bate  range:  Mean  percent  kite 
error  °f  meant  for  It  tueeottive  trialt  of  76  round S  each 
(N—Sl,  Kingman,  Augutt  1SJU) 


*  Approximately  3  weeVaintervencd  between  trial  3  and  trial  4. 


rounds  each  during  their  basic  gunnery  training,  and  then  received 
an  additional' 9  trials  of  75  rounds  each  after  they  had  completed 
basic  gunnery  training.  The  data  indicated  rather  clearly  that  ' 
improvement  in  score  occurred  with  practice,  and  that  3  trials  of 
76  rounds  each  failed  to  exhaust  the  possibilities  for  relatively 
rapid  improvement.  The  drop  in  score  following  the  period  of  3 
weeks  of  other  gunnery  training  may  have  resulted  from  lack  of 
practice,  from  an  interference  effect  of  other  types  of  gunnery' 
training  on  moving  base  proficiency,  from  reduced  effort  by  stu¬ 
dents  or  instructors  on  the  early  post-graduation  trials,  or  from 
some  other  uncontrolled:  shift  in  firing  conditions  which  occurred 
during  this  period.  The  rather  erratic  performance  of  the  gun¬ 
ners  during  the  last  6  trials  implied  a  need  for  caution  in  interpret¬ 
ing  the  results.  However,  a  rough  estimate  of  the  number  of 
trials  during  which  scores  improved  rapidly  would  place  the  figure 
at  between  6  and  9  trials,  which  would  involve  firing  from  450  to 
675  rounds  on  this  range.  The  maximum1  allotted  to  this  range  at 
any  time  in  gunnery  training  was  300  rounds. 

A  validation  study  ■  of  the  Moving  Bo^seRange. — The  value  of  the 
Moving  Base  Range  as  a  trainer  was  seriously  questioned  as  a 
result  of  an  evaluation  of  this  range  and  of  the  Basic  Deflection 
Range  at  Kingman  which  was  done  in  the  summer  of  1944;** 
This  study  undertook  to  determine  the  effect  of  basic  deflection; 
and  of  moving  base,  both  separately  and  together,  upon  gun  cam¬ 
era  scores.  As  an  additional  outcome,  an  estimate  of  the  effect  of 
basic  deflection  training  upon  moving  base  proficiency  was  ob-  . 
tained.  In  this  study,  a  total  of  153  basic  gunners  were  divided 
at  random  into  four  groups  as  follows : 

“This  experiment  was  conducted  by  Lt  Ralph  K,  Wacner  and  Lt  Thomas  P.  Qalla*her. 
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.  Group  I  (38  mon)  omitted  training  on  tfco  Basie  Deflection  Rang*. 

.  .  Group  II  (37  men)  omitted  training  on  the  Moving  Base  Range. 

Group  III  (41  men)  omitted  training  on  both  the  Basie  Deflection  and 
Moving  Base  Ranges. 

*  Group  IY  (40  men)  received  the  usual  6  weeks  of  basic  gunnery  training 

The  groups  which  omitted  some  portion  of  the  training  were  given 
drill  or  squadron  duty  during  the  free  time  thus  made  available. 

The  first  set  of  results  of  this  experiment  provided  an  evalua¬ 
tion  of  basic  deflection.  A  comparison  of  the  moving  base  scores 
of  group  I,  which  omitted  basic  deflection,  with  those  of  group  IV, 
which  had  two  2-hour  periods  of  basic  deflection  showed  a  slight 
and  unreliable  difference  in  favor  of  the  group  who  had  fired  basic 
deflection,  as  shown  in  table  9.28. 

The  second  set  of  results  in  this  study  was  based  on  gun  camera 
scores  of  gunners  firing  from  the  waist  gun  position.  All  gun 
camera  scores  used  were  obtained  during  2  successive  days  of  fir¬ 
ing.  Prior  to  these  days,  every  student  had  flown  at  least  one 
gun  camera  flight.  Airplanes  were  loaded  in  such  a  manner  that 
each  of  the  4  groups  was  represented  equally  in- each  bomber.  In¬ 
structors  were  given  a  special  orientation  on  the  procedure,  to' be 
followed  during  these  days;  Of  the  6  attacks  fired  at  on  each 
day,  the  third  and  fourth  were  used  for  Scoring  where  the  film  was 
clear  enough  to  be  scorable.  For  wai&t  gun  attacks,  scores  were 
obtained  for  about  77  percent  of  the  gunners  included  in  the  ex- 


Tabu  9.28! — Effect  upon  moving  bate  teoret  of  eliminating  training  on  batie 
deflection  range  (Kingman,  August  19ii)  . 
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Tabus  9.29. — Effect  of  eliminating  basic  deflection  and/or  moving  bate  on  gun 
camera  teoret:  Mean  gun  camera  scores  ..(waist  gun  firing)  for  gunners 
trained  under  each  of  four  training  regime*  (Kingman,  August  J944) 
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periment  These  scores  were  based  upon  from  1  to  4  scorable  atr 
^or  eac^  subject  retained.  The  results  obtained  on  waist 
gun  firing,  which  required  the  gunner  to  take  deflections  in  aiming, 
are  reported  in  table  9.29.  No  differences  of  a  size  greater  than 
those  to  be  expected  to  arise  by  chance  appeared  among  the  4 
groups. 

The  absence  of  marked  -variations  in  the  guncamera  scores 
among  the  four  groups  suggested  that  the  dropping  of  Basic  De¬ 
flection  training  or  of  Moving  Base  training  would  have  relatively 
slight  influence  on  the  gunner’s  proficiency  in  sighting,  at  least,  as 
measured  in  the  gun  camera  situation.  Of  course,  this  experi¬ 
ment  does  not  provide  proof  that  these  ranges  are  without  value 
for  gunnery  training ;  but  it  does  suggest  that  whatever  contribu-  '• 
tion  to  sighting  and  tracking; ability  they  might  make  is  adequately 
taken  care  of  by  the  other  ranges  and  trainers. 

High  Tower  ■  '  t  t. 

Description  of  the  High  Tower  Range.— The  High  Tower  (or 
shotgun  turret)  range  represented  another  variation  of  skeet.  On 
this  range,  the  student  fired  a  shotgun  mounted  in  a  Crocker- 
Wheeler  turret  (artype  of  turret  not  Used  in  combat  aircraft)  at  .  1 

regulation  skeet  /birds  ejected  from  a  high  tower.  This  range  '  J 
required  the  gunner  to  track  and  aim  by  manipulating  a  turret  1 
It  also  gave  experience  in  sighting,  using  an  optical  sight  The 
similarity  to  the  gunner’s  job  in  aerial  combat  was  reduced  by  dif¬ 
ferences  between  the  turrets  used  on  this  range  and  the  various 
turrets  used  in  combat;  by  the  need  for  an  arbitrary  sighting  sys¬ 
tem  used  on  this  range  only;  by  differences  between  the  flight- 
course  of  the  birds  and  that  of  attacking  fighters;  and  by  the  fact 
that  shotguns  rather  than  machine  guns  were  fired. 

Reliability  of  High  Tower  Range  scores. — A  study  of  the  re-  *  . 
liability  of  scores  on  this  range  carried  out  in  November  1944,. 
and  based  on  the  records  of  82  students  who  fired  3  trials  of  25 
rounds  each  on  each  of  2  successive  days,  gave  an  estimated  value  '  , 
of  0.67  for, all  6  trials.  The  firing  was  done -.as -part  of  their  gun¬ 
nery  training.  The  Hoyt  method  was  used;f or, ;thkjd$termination. 

By  the  same  method,  a  value  of  0.72  was  found  for  the  last  3^  ’ 
trials.  ' "  .  •  vi 

Learning  on  High  Tower  Range. — A  learning  curve  for  this  j 
range  was  obtained  by  an  analysis  of  records  of  258  students, -in 
Class  44-30  at  Laredo,  who  fired  7  trials  of  50  rounds  each  during 
their  training.  These  results  are  shown  in  table  9.30  and  figure 
9.18.  .  Although  it  is  noticeable  that  a  marked  improvement  in 
performance  occurred  on  the.  second  trial,  further  trials  appear  to 
show  little  upward  trend.  In  terms  o>*  the  training  program  in 
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:abu;  9.M.— Learning  curve  data  for  high  tower 

r‘  kitS  fV,7 

(N—258,  clan  U-30,  Laredo,  July  19U) 
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operation  at  the  time  this  study  w&3  done,  results  indicated  that 
two  trials  of  50  rounds  each  would  be  sufficient  to  bring  about 
most  of  the  gain  in  proficiency  attained. 


Giant  Sheet 

Description  of  the  Giant  Sheet  Range.— The  Giant  Skeet  Range 
resembled  the  Basic  Deflection  Range  in  that  the  gunners  fired 
shotguns  mounted  so  as  to  resemble  hand-held  machine  guns. 
The  guns  were  equipped  with  iron  sights  with  three  concentric 
circles  corresponding  to  1,  2,  and  3  rads.  The  deflection  used  for ' 
targets  approaching  at  different  angles  corresponded  (in  name) 
to  the  appropriate  deflection  required  by  Positipn  Firing  for  the 
same  angles  of  approach.  The  Giant  Skeet  Range  differed  from 
ordinary  skeet  and  basic  deflection  in  that  the  traphouses  were 
100  feet  apart  and  20  feet  high,  so  that  the  students  were  given 
greater  opportunity  to  track  before  firing  at  the  bird. 

Reliability  of  Giant  Sheet  Range  scores . — In  the  study  of  this 
trainer  conducted  at  Buckingham  in  June  of  1944,  a  reliability  of 
0.70  was  estimated  Hy  applying  the  Spearman-Brown  formula  to 
an  average  intercor relation  of  0.165  for  scores  on  12  trials  of  30 
rounds  each.24  The  scores  of  20  subjects  were  used  in  these  ealeu-  * 
iations.  Kuder-Richardson  formula  No.  21  yielded  an  estimated 
reliability  coefficient  of  0.77  for  total  scores  on  12  trials  (360 
rounds).  The  subjects  in  this  study  had  not  had  previous  gun¬ 
nery  training. 

Learning  of  Giant  Sheet. — A  learning  curve  for  the  same  20 
gunnery  students  on  this  range  was  determined  as  part  of  the 
same  study.  This  curve  was  based  on  scores  of  all  students  who 
fired  Giant  Skeet,  since  examination  of  the  data  gave  no  evidence 
of  any  substantial  difference  in  Giant  Skeet  proficiency  between 
the  experimental  and  alternating  experimental  groups.  (The . 
data  were  derived  from  the  experiment  described  below) .  Each 
group  fired  2  trials  of  30  rounds  each  on  each  of  6  successive  days. 

“This  Investigation  was  conducted  by  MaJ.  Roger  W.  Ru'-sell,  assisted  by  Lt.  William  K, 
Bates,  Lt.  William  B.  Schrader,  Lt.  Esten  W.  Ray,  and  S.  .  Alexander  N.  Levin*. 
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Evidence  on  the  course  of  learning  for  Giant  Sheet  is -presented  in 
figure  9.19,  and  table  9.31.  It  is  apparent  that  appreciable  gains 
in 'proficiency  occurred  for  these  inexperienced  gunners. 

A  validation  study  of  the  Giant  Sheet  Range.— As  part,  of  the 
same  study  an  effort  was  made  to  obtain  a  preliminary  estimate  • 
of  the  value  of  this  range  for  teaching,  the  Position  Firing  method 
of  sighting.  The  criterion  used  was  number  of  hits  on  the  DeVry 
Panoramic  Trainer,  a  device  which  required  the  gunner  to  manip¬ 
ulate  a  turret  in  order  to  score  hits  on  pursuit  curve  attacks.  (A 
more  detailed  description  of  this  trainer  is  presented  earlier  in 
tllis  chapter).  >  In  spite  of  certain  dissimilarities  between  the  two 
trainers,  .it  was  believed  that  improvement  in  knowledge  of  the 
Position  Firing  method  of  sighting  should  be  reflected  in  increased 
proficiency  on  the  panoramic  trainer,  which  required  the  applica¬ 
tion  of  position  firing  rules.  , 


Table  9.31. — Learning  ev.rve  data.for  giant  sheet:  Mean  percent  hits  for  1M 
successive  trials  of  30  rounds  each  in  Giant  Sheet  filing  (N—20,  Bucking¬ 
ham,  May  1944)  ... 
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In  this  validation  study,  40  untrained  gunners  were  divided  at 
random  into  4  groups  of  10  each.  The  first  group  (experimental) 
received  an  initial  explanation  of  correct  procedure  for  Giant 
•  Skeet  firing,  followed  by  12  trials  of  30  rounds  each  at  the  rate  of 
2  trials  a  day.  The  second  group,  (alternating  experimental)  re¬ 
ceived  the  same  training  on  giant  skeet,  and  in  addition  received 
a  trial  on  the  Panoramic  Trainer  following  each  Giant  Skeet  trial. 
It  was  believed  that  the  alternation  between  the  two  trainers 
might  facilitate  transfer.  The  third  group  (control)  received  no 
training.  The  fourth  group  (alternating  control)  received  no 
Giant  Skeet  training,  but  had  the  same  training  on  the  Panoramic 
Trainer  as  did  the  alternating  experimental  group.  All  four 
groups  were  given  a  single  trial  on  the  Panoramic  Trainer  as  a 
pretest  and  another  trial  as  a  post-test.  The  training  of  the  alter¬ 
nating  experimental  and  alternating  control  groups  was  not  fully 
effective  because  of  difficulties  with  the  scoring  mechanism  on  the 
Panoramic  Trainer.  These  difficulties  were,  however,  equivalent 
for  both  of  these  groups. 

The  results  of  this  experiment  are  presented  m  table  9.32.  It 
was  found  that  the  experimental  group  •  ’as  somewhat  superior  in 


proficiency  on  the  Panoramic  Trainer  to  the  control  group  and 
that  the  alternating  experimental  group  was  somewhat  superior 
to  the  alternating  control  group.  However,  the  samples  used 
were  too  small,  in  view  of  the  size  of  the  differences  obtained,  to 
permit  the  formulation  of  definite  conclusions  regarding  the  value 
of  this’ range. 

The  Giant  Skeet  Range  was  never  introduced  into  the  basic  . 
gunnery  program,  so  further  studies  of  it  were  not  carried  out 

MACHINE  GUN  RANGES . 

* 

Introduction 

The  evaluation  of  machine  gun  ranges  was  complicated  by  the 
fact  that  various  modifications  were  introduced  in  these  ranges 
from  time  to  time  to  bring  them  into  line  with  newer  develop-  • 
ments  in  gunnery  methods  and  equipment  and  by  the  relatively 
large  amounts  o£  space  and  equipment  utilized  by  these' ranges,  a 
condition  which  made  standardization  difficult.  Variations  in 
maintenance  of  equipment,  in  the  scoring  of  -targets,  and  in 
weather  conditions  were  difficult  or  impossible  to  control  properly 


Table  9.32.— Validation  of  Giant  Skeet  using  Panoramic  trainer  as  a  criterion 
(N=40  inexperienced  gunnery  students,  Buckingham,  May  19JU) 
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on  these  sprawling  outdoor  installations,  so  that  the  interpretation 
of  scores  was  difficult.  However,  machine  gun  ran;^  played  a 
definite  role  in  gunnery  training  throughout  the  war,’  and  a  num¬ 
ber  of  studies  were  conducted  in  an  effort  to  evaluate  existing  and 
newly  developed  machine  gun  ranges.** 

.  .  t  • 

Moving  Target  Ranges  (Kand-held  and  Turret) 

Description. — The  Moving  Target  (or  jeep)  Ranges  derived 
their  name  from  the  fact  that  on  these  ranges  the  gunner  was 
required  to  fire  at  a  large  cloth  target  (usually  providing  a  scoring  ( 


*8tud!ee  of  tbs  reliability  of  the  machine  gun  range#,  untes*  otherwl##  »i\clfled,  were 
carried  out  by  8gt  Alexander  Lerlne  under  the  direction  of  Lt.  E»ten(  W. -Kay.  8tKdle*.of 
the  learning  cunre#,  unle*«  otherwlie  #peclfled,  were  carrled  out  by^i/’S**-  Burtoi  R.  WoBa 
and  Lt.  William  B.  Schrader  under  the  direction  of  CapL  Lee  0.  Garber. 


ZTuzUvbv  l  WnV  ?  Whkh/’a3  drawn  acros»  the  line  of  fire 
nrovfd^  for  *  Ink  accordanc«  with  the  type  of  equipment 
^  M  {  “*£  range  was  designated  Moving  Target 
(hand-held)  or  Moving  Target  (turret).  These  ranges  were  de- 

££* gUnr/n5red  ? the  *"**  atea<*  of  2  distances; 
namely,  200  yards  and  400  yards.  The  target  was  drawn  around 

an  oval  track  during  firing  at  a  speed  of  approximately  25  M.P.H. 
In  the  earlier  period  of  gunnery  training,  caliber  .30  machine 
guns  were  used  for  most  of  the  firing  on  Moving  Target  Ranges, 
but  by  the  summer  of  1944,  these  had  given  way  to  the  caliber  .50, 
the  weapon  fired  m  combat 

Reliability  of  scores.— Several  estimates  of  the  reliability  of 
Moving  Target  Ranges  were  obtained  in  1942.  Scores  of  254  stu¬ 
dents  in  Class  42-44,  at  Tyndall,  yielded  a  reliability  of  0.19  for 
caliber  .30  firing  on  Moving  Target  (hand-held) .  This  was  based 
upon  scored  on  the  first  100  vs,  the  second  100  rounds  fired,  with 
the  resulting  correlation  coefficient  corrected  by  the  Spearman-  • 
Brown  formula.  During  the  same  year,  a  study  of  the  reliability 
of  caliber  .30  firing  on  the  Moving  Target  (hand-held)  Range  at 
Las  Vegas  showed  a  reliability  coefficient,  after  correction  by 
Spearman-Brown  formula,  of  0.58  for  the  first  250  rounds  vs.  last 
250  rounds.  The  size  of  the  population  is.  not  known.  Scores  on 
253  students  on  the  caliber  .50  Moving  Target  (hand-held)  at 
Tyndall  yielded  a  corrected  coefficient  of  0.15  for  first  50  vs.  last 
60  rounds.  In  the  same  study,  a  value  of  0.03  was  found  for  the 
reliability  of  scores  on  first  75  vs.  second  75  rounds  fired  on  the 
caliber  .50  Moving  Target  (turret)  Range,  on  the  basis  of  252' 
cases.  .  • 

In  November  1944,  reliability  estimates  were  obtained  for  call-' 
ber  .60  firing  on  the  Moving  Target  (hand-held)  Range  at  Laredo. 
These  estimates  were  based  on  the  records  of  130.  students  who 
fired  180  rounds  at  the  200-yard  distance  and  the  same  number  of 
rounds  at  the  400-yard  distance  on  each  of  3  successive  trials. 
For  the  200-yard  distance  the  reliability  of  the  sum  of  scores  on  all 
.3  trials  was  found  to  be  0.70,  and  the  reliability  for  the  sum  of 
scores  on  trials  2  and  3,  0.67.  For  the  400-yard  distance,  the  re¬ 
liability  of  the  sum  of  scores  on  all  3  trials  turned  out  to  be  0.56, 
with  a  value  of  0.54  for  trials  2  and  3.  For  total  score  on  both 
distances,  a  reliability  of  0.74  was  obtained;  the -corresponding 
value  for  the  last  2  trials  being  0.71.  AH  reliabilities  in  this  study 
were  obtained  by  the  Hoyt  method. 

In  connection  with  the  reliability  study  conducted  at.  Laredo,, 
correlations  between  scores  *t  the  200-yard  range  and  the  400- 
yard  range  on  the  Moving  Target’  (h.  -d-held)  Range  were  corn- 
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puted  for  the  scores  of  the  same  ISO  students.  For  trial  1,  this 
value  was  0.08;,  for  trial  2,  0.10;  for  trial  3,  0.30;  and  for  the 
sum  of  3  trials,  it  was  0.31.  These  results  implied  that  tbo  dif¬ 
ferent  distances  imposed  somewhat  different  but  related  tasks 
upon  the  gunner. .  »**;:■ 

Usefulness  of  the  Moving  Target  Range. — No  learning  curves 
or  validity  studies  are  available  for  these  ranges.  On  logical 
grounds  it  appeared  that  the  firing  of  the  caliber  0.60  weapon  was 
an  experience  which  had  possible  training  value.  Both  on  the 
har.d-heid  and  turret  forms  of  this  range,  the  student  received 
practice  in  using  the  same  equipment  he  would  use  later  in  com¬ 
bat.  However,  the  fact  that  these,  ranges  required  the  use  of  an 
arbitrary  sighting  system  represented  a  very  severe  limitation  of 
their  all  around  usefulness  as  a  training  device.  On  the  whole, 
these  ranges  probably  had  their  greatest  value  in  enabling  the 
gunner  to  become  familiar  with  the  firing  and  maintenance  of  the 
machine  gun  and  to  practice  controlling  it  effectively  either  by 
proper  handling  of  his  hand-held  gun  or  by  proper  manipulation 
of  his  combafc-type  turret.  ■  ,i  ■  •  .... 


•  Burst  Control  !  ** 


vci»  MS-i' 


Description. — Except  for  a  small  amount  of  firing  on  the  Pre¬ 
ventive  Maintenance  Range,  a  .range  used  to  teach  prevention  and 
correction  of  malfunctions,  the  gunnery  student  received  his  first 
•experience  with  the  caliber  ;60  machine  gun  when  he  fired  on  the 
Burst  Control  range.  This  rangeprovided  a  stationary  target,  at 
a  distance  of  1,000  inches  from  the  firing  line,  at  which  the  gun¬ 
ner  fired  using  a  hand-held  machine  gun.  The  gunner’s  score 
was  the  number  of  hits  falling  within  a- circle  10  inches  in  diam¬ 
eter.  Since  experience  had  led  gunnery  experts  to  believe  that  12 
rounds  constituted  the  optimal  length  of  burst  for  many  flexible 
gunnery  conditions,  the  gunner  was  taught  on  this  range  to  ber 
come  familiar  with  the  12-round  burst,  and  at  the  same  time  to 
hold  the  gun"  steadily  on  a  stationary  target  while  firing  the  burst 

Reliability  of  scores. — The  reliability  of  scores  on  this  range 
was  estimated  in  November  1944,  on  the  basis  of  scores  earned  by 
226  basic  gunnery  students  at  Laredo,  who  fired  one  trial  of  five 
12-round  bursts  on  each  of  6  successive  days  as  a  part  of  their 
regular  gunnery  training.  Using  the  Hoyt  method,  a  value  of 
0.84  was  obtained  for  alLsix  trials  (360  rounds)  and  a  value  of 
0.80  obtained  for  the  last  three  trials  (180  rounds). 

Following  the  introduction  of  the  improved  K-7  gun  mount,  it 
was  found  that  markedly  higher  scores  were  being  obtained  on 
this  range.  A  study  was  initiated  to  estimate  the  reliability  of 
scores  under  the  new  conditions,  giving  consideration  also  to  the 
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relation  between  the  size  of  the  target  circle  and  reliability  of 
scores.2* *  The  firing  was  done  by  50  students  in  Class  44-52  at ' 
Laredo,  selected  at  random  from  the  class,  who  completed  fifteen* 
12-round  bursts  on  the  first  day,  and  twenty  12-round  bursts,  on 
the  second  day. 

The  relationship  between  target  diameter  and  the  estimated 
reliability  for  35  bursts  (420  rounds)  was  as  follows: 

2-inch  diameter _ 0.6S 

4-inch  diameter _ _ _ _ _ i _  .80 

6-inch  diameter _  .84 

8-inch  diameter _ I _  .88  , 

10-inch  diameter _ _ _ „i _ _  .89  ;  | 

All  reliabilities  were  computed  by  the  Hoyt  formula.  The  values 
obtained  for  the  three  larger  sizes  were  considered  satisfactory.  * 
Learning  on  the  Burst  Control  Range. — Studies  of  the  learning 
curve  for  the  Burst  Control  Range  were  conducted  both  for  the 
older  mount  and  for  the  new  K-7  mount.  For  the  older  mount, 
the  data  were  based  on  the  records  of  130  students  in  Class  44-417 
at  Laredo,  who  fired  a  minimum  of  15  bursts  of  12  rounds  each. 
The  data  on  the  improved  mount  were  obtained  on  the  basis  of  the 
records  of  the  50  students  whose  scores  were  used  in  the  reliability 
study.  Table  9.33  and  figure  9.20  present  data  for  the  older 
mount  using  a  10-inch  diameter  target,  and  for  the  K-7  mount  for 
6-inch  and  10-inch  diameter  targets.  Improvement  in  scores  oc¬ 
curred  in  each  instance.  Interpretation  of  the  data  for  the  K-7 
mount  is  complicated  by  the  fact  that  the  first  15  and  the  last  20 
trials  were  fired  on  different  days.  The  results  suggested  that 
although  improvement  was  mo3t  conspicuous  during  the  early 

Table  9.33. — Mean  hits  per  burst  on  successive  groups  of  -three  lt-round 
bursts  on  burst  control  range.  ■  .  ! 


Old  mount  * 


■  K-7  mount* 


10  Inch  diameter  8  Inch  diameter  10  inch  dlamete? 
target  target  '  target  { 


1-3 _ 

itk:::::::::::::::::::::::: 

19-2l““II""IIII™I~I“I 

22-24 _ 

25-27 _ _ 


*  N=130,  Claes  44-37,  Laredo,  Aug.  1944. 

*N=  50.  Claaa  44-52,  Laredo,  Dee.  1944.  # 

"Thle  study  iraa  conducted  by  Capt.  Lee  0.  Garber  ai  1  Sgt.  Alexander  N.  Levine. 
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trials,  some  additional  gains  continued  to  appear  during  85  or 
more  J2-round  bursts.  .  . 

No  validation  of  this  range  wasearried  out.  It  was  considered 
that  the  Burst  Gontrol  Range  helped  to  familiarize  the  gunner  with 
the  operating  characteristics  of  his  weapon  and  to  enable  him  to 
practice  controlling  the  pattern  of  his  fire-burst  Its  lack  of 
value  for  sighting,  tracking,  and  turret  manipulation  training 
were  self-evident.  Inclusion  of  a  moderate  amount  of  training  on 
Burst  Control  early  in  the  gunner’s  training  appeared  to  be  justi¬ 
fied  in  the  absence  of  definite  evidence  on  its  contribution  to  gun¬ 
nery  proficiency.  .  ;  v .  • . 

The  Poorman  Range  *  *■’  '  ‘  “ 

Description . — The  Poorman  Range  required  the  gunner  to  take 
correct  Position  Firing  deflections  while  firing  caliber  .50  machine 
guns  at  a  stationary  target.  The  underlying  principle  upon 
which  this  range  was  based  was  the  resolution  of  the  pursuit 
curve  into  two  components:  one  transitory;  the  other,'  rota¬ 
tional.  The  tfanslatory  component  was  provided  by  having  a 
small  model  airplane  move  in  a  straight  line.  A  rotatory  com¬ 
ponent  was  taken  care  of  by  introducing  a  rotation  of  the  base  on 
which  the  turret  was  mounted.  This  rotation  had  the  same  rate  • 
as,  but  was  opposite  in,  direction  to,  the  rotation  which  the  gun¬ 
ner  would  have  to  give  the  turret  ip  tracking  a  pursuit  ship  flying  • 
a  particular  type  of  attack  on  his  bomber.  The  sights  were  ad¬ 
justed  in  relation  to  the  guns  so  that  the  gunner  sighted  on  the 
small  model  airplane  referred  to  above,  but  the  guns  were  bore> 
sighted  on  a  stationary  cloth  target  1,000  inches  away.  The  use 
of  this  fixed  target  was  made  possible  by  the  fact  that  perfect  per¬ 
formance  on  this  range  resulted  in  an  exact  compensation  for  the 
counter-rotation  introduced  in  the  turret  base.  This  arrangement 
required,  however,  that  the  gunner  be  unable  to  sight  directly  on 
the  fixed  target. 

This  ingenious  range  had  several'  limitations.  It  could  not 
duplicate  pursuit  curves  in  which  fighter  aircraft  attacked  from 
above  or  below  the  bomber,  since  rotatory  movements  in  the  tur¬ 
ret  base  were  in  azimuth  only,  never  in  elevation.  In  addition  to  . 
this  limitation,  the  range  did  not  adequately  give  the  gunner  the 
illusion  that  he  was  seeing  a  pursuit  curve,  which  made  practice 
cn  this  range  seem  somewhat  artificial.  Finally,  it  was  necessary 
to  tell  the  gunner  the  angle-off  of  the  attacking  plane  at  the  be¬ 
ginning  of  the  attack,  although  in  combat  the  judgment  of  this 
angle  represented  an  important  part  of  the  gunner's  job  in  apply¬ 
ing  Position  Fifing,  rules. 

A  scoring  procedure  for  Poorman  Rar  m  targets  was  developed 
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empirically  on  the  basis  of  a  simple  analysis.  It  was  found  that| 
among  7  systems  of  varying  degrees  of  complexity,  the  convenient! 
method  of  counting  hits  falling  within  a  20-inch  (diameter)  circle  , 
yielded  the  highest  reliability  coefficient*'  This  method  of  scor  ! 
ing  was  also  well  suited  to  introduction  for  routine  use.  (Detail! 
of  the  statistical  analysis  are  not  available).  •*'  ■  -  | 

Reliability  of  scores. — An  estimate  of  the  reliability  of  Poormaij 
Range  scores  was  obtained  for  the  Martin  turret  positions  at  La[ 
redo  as  part  of  a  learning  experiment  to  be  described  below.  In 
this  experiment,  20  gunnery  graduates  who  had  not  previousl;| 
fired  on  the  Poorman  Range  received  the  following  practice  i 
Trials  involving  the  firing  of  60  rounds  each  were  fired  on  each  of 
the  5  available  attacks  in.  sequence,  which  procedure,  was  con-  • 
tinued  until  each  gunner  had  fired  3  times  on  each  attack,  for 
total  of  16  trials.  A  correlation  of  0.30  was  found  'between 
scores  on  trials  1-5  and  those  on  trials  6-10,  and  a  correlation  of 
0.22  was  found  between  scores  on  trials  6-10  and  those  on  triali 
11-15.  The  correlation  between  scores  on  the  first  five  and  last 
five  trials  was  0.36.  From  these  values,  it  was  estimated,  by  up- 
plying  the  Spearman-Brown  formula  to  the  average  intercor^la. 
tions,  that  the  reliability  of  total  scores  on  all  15  trials  was  0.s>6.  . 

Learning  on  the  Poorman  Range. — The  first  study  of  learning 
on  the  Poorman  Range  was  based  on  scores  obtained  on  the  Laredo 
*  range  in  September  1944.  At  this  time/  each  position  was  de¬ 
signed  to  simulate  a  particular  type  of  attack.  The  position  used 
represented  attacks  having  0%  11*4*,  22*4%  45*,  and  90*  as  theh; 
initial  angle-off,  and  closing  according  to  a  pursuit  curve  path 
Previous  experience  had  indicated  that  the  various  positions 
varied  markedly  in  difficulty.  -j 

The  design  of  this  study  was  based  in  part  upon  practical  con¬ 
siderations  in  order  that  the  method  used  in  the  experiment  coulc 
also  be  followed  in  routine  firing  in  gunnery  schools;  Specifically 
trials  were  defined  in  terms  of  number  of  rounds  (60  rounds  of 
ammunition  to  a  trial)  instead  of  the  number  of  attacks  presented 
.  to  the  gunner.  Moreover,  the  firing  was  done  so  that  all  equip¬ 
ment  was  used  at  all  times  during  the  firing.  Since  the  standard 
equipment  for  the  range  at  that  time  included  5  turrets,  each  pre-  f 
senting  a  different  attack  to  the  gunner,  the  gunners  were  divided 
into  5  groups,  each  group  beginning  its  training  on  a  different 
position.  In  order  to  provide  a  simple,  orderly  sequence  of  train* 
ing  on  the  5  attacks,  all  gunners  adyanced,  after  each  trial,  to  the 
next  more  difficult  attack,  except  of  course  the  gunners  who  fired 

w-Thls  particular  target  deelgn  and  the  method  for  scoring  It  wero  conceited  hy  W- 
Clarence  Y.  Willey.  .  "  ■  ‘ 
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on  the  most  difficult  attack.  These  gunners  proceeded  to  the  0* 
attack  which  called  for  no-deflection  firing  and  was  therefore  the 
least  difficult  attack.  Changing  to  a  new  attack  after  each  trial 
was  considered  desirable  on  the  assumption  that  the  gunner’s 
learning  problem  was  to  master  a  technique  for  dealing  with 
varied,  attacks,  not  to  master  each  individual  attack. 

In  determining  the  learning  curves  for  data  collected  under  this 
experimental  design,  it  was  found  to  be  desirable  to  analyze  the 
data  in  terms  of  a  moving  average,  each  point  of  which  was  calcur 
lated  on  the  basis  of  the  scores  of  all  gunners  on  each  set  of  five 
successive  trials.  Any  series  of  five  successive  trials  was  called  a 
cycle,  since  during  such  a  series  each  gunner  fired  from  each  posi¬ 
tion.  Scores  were  comparable  from  cycle  to  cycle  inasmuch  as  all 
gunners  received  the  same  training  on  each  cycle  (only  the  order 
being  varied).  This  method  for  analysis  of  the  data  was  neces¬ 
sitated  by  the  fact  that  scores  from  trial  to  trial  were  difficult  to 
compare  because  the  interaction  between  gunner  ability  and 
position  difficulty  became  relatively  large  when  the  positions  varied 
greatly  in  difficulty  and  the  size  of  each  subgroup  of  gunners  was 


small. 

Table  9.34  and  figures  9.21  and  9.22  present  data  for  perform¬ 
ance  on  successive  cycles  of  firing  on*  each  of  the  5  attacks,  and 
for  the  performance  on  all  5  attacks  combined.  It  will  be  noted 

Table  9  34. _ Learning  on  the  Poorman  Range  ( Martin  turret):  Mean  percent 

hits  on  each  cycle  for  each  position  and  for  total  score  (N—20  gunnery 
graduates,  Laredo,  September  19  U)  > 

Position  .  . 

*  .  !  _ ; _ : - 1 - -  ToUl 

e  0*  lltt*  ‘Wk*  .  .«•  »0* 


1 _ 

5 _ 

— - 

9 _ - 

10 _ 

11 _ — 

12 _ 

13 _ _ 


that  although  only  20  gunners  were  used  in  the  study,  the  average 
s“r  each  cycle  was  based  on  5  trials  of  60  rounds  each  toed 
by  each  of  the  20  gunners.  It  must  also  be  kept  in  mind  that 
each  cycle  overlapped  with  each  adjacent  cycle  .since  4  of  tne  S 
trials  included  were  identical  between  adjacent  cycles. 

The  data  indicated  that  learning  progressed  somewhat  more 
rapidly  on  the  earlier  cycles  and  tended  to  level  off  during  the 
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‘  later  cycles.  Examination  of  the  scores  on  individual  positions 
showed  that  all  except  the  0°  position  showed  fairly  typical 
trends.  The  irregular  trend  of  the  0°  performance  may  possibly 
have  reflected  habit  interference,  since  the  shift  from  the  90°  to 
the  0°  position  marked  a  sharp  change  in  'the  responses  required. 
Unfortunately,  it  happened  that  considerable  difficulties  were 
encountered  in  maintaining  the  harmonization  on  the  turret  which 
provided  the  0°  attack,  so  that  the  more  probable  interpretation  of 
the  irregularity  considered  it  an  artifact  produced  by  equipment 
difficulties. 

A  further  study  of  learning  on  the  Poorman  Range  was  made 
after  this  range  had  been  modified  so  that  various  attacks  could 
be  presented  on  the  same  position.  In  this  study,  hand-held 
guns,  on  which  a  K-13  sight  was  mounted,  were  used.  Since  the 
K-1S  sight  was  of  the  compensating  type,  it  was  necessary  for 
the  gunner  only  to  maintain  the  center  of  the  sight  reticle  on  the 
target  plane;  a  problem  considerably  less  difficult  than  that  pre¬ 
sented  by  the  fixed  optic  sights  used  in  the  earlier  experiment 

In  this  study,  24  gunnery  graduates  who  had  not  previously 
fired  on  the  Poorman  Range,  and  24  gunnery  students  who  had 
not  yet  begun  gunnery  training,  were  used.2*  The  three  attacks 
used  were  designed  to  represent  60°,  70°,  and  90°  pursuit  curve 
attacks.  Careful  control  was  exercised  over  the  duration  of  each 
attack,  over  the  distribution  of  fire  during  each  phase  of  the  attack, 
and  over  the  harmonization  of  the  guns.  A  new  scoring  system 
was  devised,  since  the  introduction  of  the  compensating  sight 
made  inadvisable  the  use  of  the  simpler  scoring  system  described 
above.  Instead,  a  system  involving  a  set  of  concentric  circles, 
beginning  with  one  having  a  radius  of  2  inches,  scored  10;  the 
next  with  a  radius  of  4  inches,  scored  9;  the  third,  with  a  radius 
of  6  inches,  scored  8  ;  and  so  on  until  a  circle  of  20-inch  radius 
,  with  a  score  value  of  1  was  reached.  Scores  for  each  trial  were 
determined  by  dividing  the  total  score  by  the  highest  score  at¬ 
tainable  in  the  number  of  rounds  fired,  and  multiplying  the  result 
by  100.  , 

In  this  study,  both  groups  of  24  gunners  were  divided  into  six 
sub-groups,  each  of  which  fired  on  the  three  attacks  in  a  counter¬ 
balanced  order.  Each  trial  consisted  of  two  presentations  of 
the  same  attack,  a  maximum  of  20  rounds  being  available  for  each 
of  the  two  presentations.  *. 

The  recording  of  scores  included  a  notation  as  to  whether  the 
-  first  bullet  struck  the  target  on  the  right  or  left  side  of  the  center 
.  line.  Analysis  of  these  results  indicated  that  both  trained  and 

"*  Lt.  Victor  A.  Renders  conducted  and  reported  tbls  study.  He  wss  assisted  by  8*t 
Erlyn  W.  Harkrader  and  Cpl.  George  Massarsky, 
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untrained  gunners  showed  a  tendency  to  track  too  slowly  with 
compensating  sights.  The  ratio  of  strikes  ornthe  side  of  the  tar¬ 
get  representing  too  slow  tracking  to  strikes  on  the  other  side  was 
1.5  to  1  for  the  untrained  gunners,  and  1.3  to  1  for  the  trained 
gunners* 

Table  9.35  and  figure  9/23  present  the  average  scores  of  the 
two  groups  on  1R  trials.  It  was  apparent  that  learning  occurred 
most  rapidly  /in  each  group  on  the  first  10  trials  but  that  some 
slight  improvement  was  found  in  later  trials.  '  It  was  found  that 
the  untrained  gunnery  students  overtook  their  more  experienced 
fellows  by  the  time  the  third  trial  was  reached,  after  which  the 
curves  rah  along  together  during  the  remainder  of  training. 

Table  9.35. — Learning  on  the  Poorman  Range  (K-1S  eight),'  Mean  percent 
of  perfect  ecoree  for  H  previously  untrained  gunners  and  for  H  gunnery 
graduates  ■(. Laredo ,  April-May,  19J,S)  . 
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50.8 
68.2 

65.8 
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73.3 
70.9 

73.2 
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25.8 

63.5 

65.8 
62.0 
66.1 

66.5 
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71.8  ‘ 
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72.8 

69.8 
72.1 
T4.6 

72.8 
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69.0  and  71.9.  •  _ 

For  the  untrained  gunners  included  in  this  study,  the  19th  and 
20th  trials  were  used  to  determine  whether  increased  Proficiency  . 
might  be  shown  if  additional  motivation  were  Jr 

specific  motivation  involved  the  promise  o  8 Jfl1®  *  scores 

gunners  who  attained  certain  scores.  Instead  of  increased  scores, 

however  a  slight  drop  in  averages  appeared. 

Retrained  gunners,  trials  19  and 20 
the  effect  on  scores  of  certain  modifications  of  thefi””®r  ®  .  * 

,0n  the  20th  trial,  no  base  rotation  was  used  and 
noint  was  provided  in  an  effort  to  determine  the  limiting  score 
attainable  under  these  much  simplified  conditions.  The  value 

ZsZnet  If  fh!  Poorman  Range.- The  Poorman  Bange  was 
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considered  to  be  useful  for  giving  experience  in  the  use  of  combat 
equipment  under  conditions  favorable  for  instruction.  The 
greater  realism  which  it  provided,  together  with  the  fact  that  it 
required  the  use  of  Position  Firing  rules,  made  it  especially  valua¬ 
ble  as  a  trainer  on  the  use  of  sights  other  than  computing  or  com¬ 
pensating.  In  the  absence  of  specific  validating  studies,  the 
actual  contribution  of  the  Poorman  Eange  to  sighting  profiiciency  , 
could  not  be  evaluated.  However,  the  limited  opportunity  for 
variations  in  the  attacks  presented  on  this  range  emphasized  that 
its  main  contribution  lay  more  in  the  fact  that  the  gunner  got 
realistic  practice  in  using  his  hand-held  gun  or  turret  than  in  • 
bringing  about  improvement  in  ability  to  use  his  sights  effectively 
for  many  varied  attacks.  . 

OQ-3  Radio  Controlled  Target  Planes  .  .  • 

Description. — The  OQ-3  radio  controlled  target  planes  provided 
an  opportunity. for  gunners  to  gain  experience  in  tracking,  rang¬ 
ing,  and  firing  at  a.  flying  target.  The  target  actually  used  was  a 
large  model  airplane  having  a  wingspan  of  12  feet  and  a  fuselage 
length  of  8V2  to  9  feet,  powered  by  a  twin-cylinder  8  h.p.  engine. 
This  model  plane  had  rudder  and  elevator  controls  which  could 
be  controlled  through  the  medium  of  impulses  transmitted  by 
radio  from  a  ground  unit.  Take-off  was  accomplished  by  use  of 
a  catapult;  and  landing  by  use  of  a  parachute  which  the  “pilot” 
on  the  ground  could  open  as  necessary.  The  repair  of  planes  shot 
down  was,  in  general,  relatively  easy.2*  • 

The  fact  that  a  gunner,  using  combat  type  equipment,  shot 
caliber  .50  ammunition  at  a  flying  target  which  could  occasionally 
be  shot  down  (sometimes  in  flames)  provided  a  realistic  and 
stimulating  experience  for  gunners.  With  B-29  sighting  equip¬ 
ment,  which  involved  computing  sights,  adjustments  were  made 
which  enabled  the  gunner  to  use  normal  firing  procedures  at  any 
range  between  250  and  450  yards  with  satisfactory  results.  It 
was  found  .n  a  tryout  of  the  equipment  that  a  trained  B— 29  crew 
was  able  to  bring  down  two  of  the  planes,  using  246  rounds  of 
ammunition  on  the  first,  and  220  rounds  on  the  second.  A  count  , 
of  the  number  of  hits  revealed  that  approximately  4  percent  hits  . 
had  been  scored.  Other  firing  showed  much  lower  scores  in  per¬ 
cent  hits.  No  specific  evidence  of  the  reliability  . of  this  range  is 
available.  * « 

The  OQ-3  Range  appeared  to  be  useful  as  a  motivating  device 
and  for  giving  experience  in  firing  live  ammunition  under  rather 
realistic  conditions.  Because  of  the  large  number  of  radio  main- 

*•  Lt  Cameron  C.  Stlnoman  was  responsible  for  the  selling  up  and  operation  of  the  experi¬ 
mental  OQ-3  Range  at  Laredo.  ‘  . 

703326—47—15  " 
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tenance  and  airplane  repair  personnel  that  would  have  been  re¬ 
quired  to  permit  ita  extensive  un  for  training,  it  waa  never 
adopted  as  a  part  of  gunnery  training.  Learning  or  validity 
studies  on  this  range  were  not  carried  out  The  ease  with  which 
hits  were  obtained  depended  for  the  most  part  on  the  type  of 
attacks  flown;;  it  was  possible  to  maneuver  the  fighter  so  that' 
thousands  of  rounds  could  be  flred  without  obtaining  hits.  Un¬ 
fortunately  there  was  no  way  to  standardize  the  types  of  attacks 
flown.  * 

AIR  TRAINING  PROCEDURES 

The  aerial  phase  of  flexible  gunnery  training  was  considered 
the  culmination  of  the  basic  course.  Important  and  elaborate  as 
it  was,  the  air  training  phase  was  beset  with  more  and  greater 
problems  of  attaining  maximum  realism,  learning,  adequacy  of 
scores,  and  adaptation  to  changing  techniques  than  any  other 
phase  of  the  gunnery  course. 

,  „  '  i  *  '  * 

Air  Firing  ; 

De8(Tvption.-rYoT  the  duration  of  the  flexible  gunnery  training 
program  it  was  common  practice  to  give  flying  experience  during 
the  last  2  weeks  of  training.  In  the  early  days  of  the  program 
this  experience  consisted  of  taking  the  gunners  up  in  two-seated 
AT-6  planes  and  allowing  them  to  Are  caliber  .30  machine  guns 
from  the  open  rear  cockpits  at  the  Gulf  of  Mexico  or  the  deserts  of 
the  West  The  next  step  included!  firing  at  flag  targets  which 
were  towed  in  courses  parallel  to  those  of  the  gunners'  planes; 
the  air-to-ground  and  air-to-water  firing  was  kept  in  the  curricu¬ 
lum  as  a  familiarizing  experience.  In  1943,  a  large  number  of 
twin-engined  AT-18  airplanes  became  available,  and  in  these  were 
installed  turrets  modilied  to  mount  caliber  .30  machine  guns.  It 
was  customary  to  paint  bullets  several  different  colors  so  that 
several  gunners  could  fire  from  one  plane  at  the  same  target  and 
have  their  hits  later  identified  by  the  color  of  paint  that  had  come 
off  on  the  target.  As  combat  types  of  aircraft  became  available, 
the  gunnery  trainee’s  job  in  the  aerial  situation  came  to  simulate 
fairly  closely  the  situation  of  combat  in  so  far  as  his  equipment 
and  immediate  surroundings  were  concerned.  That  the  .type  of 
sighting  problem  the  gunner  had  to  solve  in  training  bore  little 
or  no  resemblance  to  the  combat  sighting  problem  remained  the 
principal  drawback  of  this  type  of  training.  Nevertheless,  for 
Jack  of  a  more  suitable  air  firing  situation,  the  practice  of  firing  at 
flag  targets  was  continued.  ’ 

Reliability  and  learning. — Since  the  air  firing  situation  appeared 
to  some  to  simulate  “real  gunnery,”  it  was  standard  policy  at  one 
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time  to  use  air  firing:  scores  as  a  basis  for  eliminating:  student* 
from  ginnery  training.  Because  of  the  importance  of  a  reliable 
elimination  criterion,  several  reliability  coefficients  were  computed 
by  the  Psychological  Research  Detachment  at  Buckingham.  „ 
Total  scores  for  odd  numbered  and  even  numbered  missions  were  , 
correlated  for  14  basic  gunnery  classes  representing  5  schools;  > 
these  coefficients  ranged  from  0.05  to  0.80,  with  more  than  half 
being  below  0,50  (gunnery  classes  at  that  time,  3d  quarter  of 
*  1943,  contained  about  400  students).  On  the  basis  of  these 
findings  it  was  recommended  that  air  firing  scores  no  longer  be  . 
considered  in  eliminating  students  from  gunnery  training;  the 
recommendation,  was  adopted.  . 

A  careful  examination  of  the  conditions  obtaining  in  air  firing 
revealed  an  almost  complete  lack  of  standardization.  Several  dif¬ 
ferent  size3  of  target  were  used,  range  of  firing  varied  from  100  to 
400  yards,  and  pilots  engaged  in  mild  acrobatics  to  relieve  the 
boredom  of  the  Routine,  thus  effectively  terrorizing  and  otherwise 
incapacitating  many  a  green  student.  Record  keeping  was  very 
haphazardly  administered — in  one  case  a  student  was  marked 
“Failed  to  fire”  and  yet  received  a  score  for  the  day,  and  in  another 
a  student  fired  two  rounds  on  one  mission,  made  one  hit,  and  so 

received  a  score  of  50  percent  for  the  day. 

Evidence  of.  learning  in  the  air  firing  situation  was  lacking;  \ 
some  performance  curves  plotted  for  several  classes  revealed  . 
random  variations  throughout  the  series  of  6  missions..  These 
curves  are  not  reproduced  here  because  some  of  the  basic  data  . 
are  no  longer  available. 

Variations  of  air  firing.— Modifications  of  air  firing  procedures 
were  conceived  from  time  to  time,  particularly  after  the  inception 
of  Position  Firing.  One  of  these  involved  dropping  brightly  coir 
ored  dyes  into  the  water  over  which  firing  was  being  conducted, 
in  such  a  manner  that  gunners  in  a  plane  flying  by  them  in  a 
straight  course  at  an  altitude  of  about  100  feet  would  have  to 
apply  proper  Position  Firing  deflections  in  order  to  hit  the  colored 
area.  A  similar  lay-out  for  air-to-ground  firing  was  designed 
and  adopted  at  the  schools  situated  in  the  arid  regions.  Although  ^ 
no  evaluations  of  these  simulated  pursuit  curve  ranges  were  con¬ 
ducted,  it  seemed  likely  that  of  the  several  methods  of  conducting 
air  firing  these  ranges  offered  the  best  opportunity  fdr  the  studept 
to  learn  to  apply  Position  Firing  deflections,  for  the  reason  that 
the  gunner  received  immediate  knowledge  .of  the  results  of  his 

pr&ctic6*  ; 

Conclusion. — In  summary,  it  appeared  that  students  derived 

little  if  any  sighting  proficiency  from  practice  m  the  air  firing  sit¬ 
uations.  Probably  the  greatest  value  derived  was  a  familanty 
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•with  the  operation  and  manipulation  of  gunnery  equipment  while' 
airborne.  Both  as  a  sighting  trainer  and  as  a  criterion  of  profi¬ 
ciency,  the  air  firing  situations  ^  conducted  at  this  time  appeared 
to  be  practically  worthless. 

*  *  ,j*  * 

The  Gun  Camera  In  Flexible  Gunnery  Training 

The  gunnery  program  floundered  along  with  little  hope  of  find¬ 
ing  a  criterion  of  performance  outside  actual  combat  until  toward 
the  end  of  1943  when  it  became  apparent  that  the  use  of  the  gun 
camera  might  lead  the  way  to  the  answer.  The  gui.  camera  was 
a  small  electrically  driven  camera  using  film  16mm.  in  width  and 
50  feet  in  length.  It  was  mounted  on  or  near  the  gun  sight  and 
took  pictures  ordinarily  through  the  sighting  head  by  means  of 
a  periscopic  arrangement  which  allowed  the  camera  to  see  the 
same  thing  that  the  gunner  saw,  while  using  the  sight.  The  cam¬ 
era  thus  provided  a  record  of  just  where  the  sight  was  pointed 
and  how  it  behaved  Jn  relation  to  the  target.  This  procedure  was  j 
immediately  hailed  by  many  as  the  answer  to  their  wishes,  but  the 
numerous  complications  arising  when  it  was  put  into  use  soon 
proved,  that  their  relief  was  premature.  After  more  than  two 
and  a  half  years  of  development  and  experiment,  a  large  amount  ' 
of  information  has  been  gathered  about  gun  camera  use  and  some 
tenable  conclusions  attained.  • 

Description. — The  role  of  the  gunnery  student  in  using  the  gun 
v:mera  in  air  training  was  much  the  same  as  that  of  the  gunner 
in  combat  with  the  exception  that  he  was  not  bothered  by  the 
vibration  of  recoiling  guns,  or  seriously  Concerned  over  his  chances 
of  returning  alive  to  his  base.  His  problems  remained  to  track  i 
the  attacking  plane  and  allow  proper  deflections  (if  using  a  non-  1 
compensating  or  noncomputing  sight),  to  manipulate  his  sight 
controls  to  “frame’'  the  turret  (if  using  a  computing  sight),  or 
just  to  keep  his  sight  reticle  on  the  target  (if  using  a  compensat-  ' 
ing  sight).  The  instructor  had  additional  duties  consisting  pri¬ 
marily  of  carefully  watching  the  simulated  attacks  being  flown 
to  determine  if  they  resembled  real  attacks,  then  closing  a  switch, 
which  started  the  camera,  and  opening  the  switch  again  at  ths  end 
of  the  attack.  As  the  gunner  pressed  his  triggers  a  little  pointer 
withdrew  from  the  camera’s  field  of  view,  thus  allowing  the  scor¬ 
ers  to  know  when  the  gunner  was  “firing."  The  pursuit  pilot  was 
briefed  to  make  his  “attacks"  toward  the  shaded  side  of  the 
bomber,  so  that  the  lens  of  the  camera  would  not  be  pointed  into 
the  sun,  and  to  make  them  as  consistent  as  possible  .v’.cording  to 
some  plan  previously  arranged  with  the  gunnery  instructor  and 
the  pilot  of  the  bomber.  The  bomber  pilot  had  to  take  tore  to 
-fly  his  plane  as  smoothly  as  possible  and  along  courses  which  *.oth  ’ 
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he  arid  the  gunnery  instructor  knew  about  in  advance.  All  of  this 
was  done  in  order  to  standardize  the  procedure  as  much  as  possi¬ 
ble*  .  *  '  ■'*  *  ' 

Scoring.-— The  scoring  of  gun  camera  film,  while  mathematically 
simple  enough,  was  a  tedious  chore  and,  because  humans  are 
subject  to  boredom  and  resultant  inefficiency,  was  itself  subject^ 
to,  much  error.  Film  was  normally  scored  through  the  use  of  the 
Ampro  Scoring  Viewer,  a  unit  embodying  both  a  16mm.  projector 
and  a  translucent  projection  screen  through  which  the  pictures 
were  viewed.  It  was  possible  to  determine  readily  linear  dior 
tances  on  the  screen  in  terms  of  mils,  and  thereby  measure  with 
a  properly  scaled  rule  the  various  kinds  of  sighting  errors  made 
by  the  students.  To  minimize  the  scoring  routine,  only  every 
10th  frame  of  each  attack  was  scored.  It  was  determined  that 
scoring  every  10th  frame  gave  as  reliable  a  score  as  scoring  every 
frame  or  every  alternate  frame.  The  various  scores  derived  from 
gun  camera  film  were  generally  expressed  in  terms  of  mil  errors 
and  may  be  described  as  follows :  .  u:  . 

1.  Film  exposed  through  computing  sights  :£  •  ‘  ' . 

'  a.  Tracking  errors :  the  distance  in  mils  between  the  nose  of 
the  fighter  and  the  center  of  the  sight  reticle.  ■  . 

’  b.  Ranging  errors :  the  difference  in  mils  between  the  wing¬ 
span  of  the  plane’s -image  and  the  width  of  the  opening  in  the 
movable  sight  reticle:  This  movable  reticle  appeared  as  two 
vertical  lines  in  the  Sperry  K-3  and  K  4  sights  and  as  a  . variable 
sized  circle  of  dots  in  the  Sperry  K-i5  and  the  General  Electric 
sights  for  the  B-28.  •  k  ,  - 

2.  Film  exposed  through  compensating  sights:  - 

a.  Because  of  the  mechanism  of  a  compensating  sight,  the  guris 
would  be  pointed  at  the.  proper  point  of  aim  if  the  center  of  the 
reticle  appeared  to  be  on  the  nose  of  the  attacking  plane.  ^  There¬ 
fore  tracking  error,  in  terms  of  mils  distance  between  «-li®  nose 
of  the  fighter  and  the  center  of  the  sight  reticle,  was  used  as  the 

score.  * 

3.  Film  exposed  through  noncomputing  and  noncompensating 

fixed  sights:  •  ' 

a.  At  waist  gun  positions,  not  mounting  computing  or  compen¬ 
sating  sights,  the  gun  camera  installation  included  an  assessing 
unit  which  automatically  showed  on  the  film  the  correct  point  of 
aim  and  the  proper  line  of  deflection.  Scoring  amounted  to  e- 
termining  the  mil  distance  betwem  this  poLA  and  the  nose  of  the 
plane.  A  similar  device,  developed  by  the  Navy,  was  used  with 
turrets  nor  equipped  with  computing  or  compensating  sights.  A 
full  description  of  these  assessing  devices  is  contained  m  AAF 
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Manual  No.  25,  "'Gun  Camera  Manual  for  Flexible  Gunnery  Train¬ 
ing.” 

b.  For  purposes  of  research,  film  exposed  through  noncomput¬ 

ing,  noncompensating  (“fixed”)  sights  on  turrets  was'  scored 
through  the  use  of  a  deflectometer.  The  camera  photographed 
the  attacking  plane  and  also  two  graduated  scales  which  showed, 
in  mils,  the  azimuth  and  elevatiompf  the  guns  with  respect  to  the 
bomber’s  position.  By  means  of  a  device  based  on  the  principle 
of  the  compensating  sight,  the  path  of  the  bullets  was  projected 
on  a  viewing  screen  along  with  the  picture  of  the  attacking  plane; 
the  scoring  consisted  of  measuring  the  distance  between  the  nose 
of  the  attacking  plane  and  the  ppint  at  which  the  bullets  would 
have  intersected  its  line  of  flight.  This  score,  in  mils,  was  called 
“circular  error.”  , .  •  •  • 

c.  Much  time  was  saved,  however,  in  scoring  film  taken  through 

fixed  sights  on  turrets  if  an  arbitrary  all-or-none  “hit”  score  was 
used.  Defining  a  hit  as  a  circular  error  of  not  more  than  15  mils, 
a  circle  30  mils  in  diameter  could  be  centered  on  the  path  of  the 
projectiles  and  a  hit  scored  if  the  center  of  the  attacking  plane 
was  within  that  circle.  The  rank  order  correlation  between  this 
score  and  the  circular  error  was  found  to  vary  between  0.89  and 
0.96,  ,  ■  •  ■ 

Factors  affecting  reliability  of  .gun  camera  scores. — Because 
much  -importance  was  attached  to  the  reliability  of  gun  camera 
scores,  a  number  of  efforts  were  made  to  identify  sources  of  un¬ 
reliability  in  the*e  scores,  both  by  surveying  operating  conditions 
and  by  conducting  experimental  studies.  As  discussed  below,  the 
main  requirements  for.  obtaining  reliable  scores  centered  in  con¬ 
trolling  flight  conditions  and  scoring  procedures  and  in  obtaining 
a  .film  record  of  adequate  length. 

Conditions  of  flight  affecting  reliability. — Factors  ^under  condi¬ 
tion  of  flight  were ; 

1.  Variability  in  attacks.  In  so  far  as  the  differences  between 
attacks  represented  different  levels  of  difficulty  for  the  gunner, 
attack  differences  contributed  to  the  unreliability  of  scores. 

2.  Variability  in  the  course  of  the  bomber.  -Though  it  was  less 
difficult  to  control  the  course  of  the  bomber  than  the  course  of  the 
attacking  fighter,  some  unreliability  in  scores  was  accounted  for 
by  differences  in  the  smoothness  with  which  the  firing  ship 
was  handled  from  one  attack  or  mission  to  the  next. 

3.  Weather.  The  weather  was  a  determinant  of  the  smoothness 

of  flight  of  both  the  fighter  and  the  bomber,  and  variations  in  ( 
weather  from  mission  to  mission  were  frequently  large  and  there¬ 
fore  contributed  to  the  unreliability  of  a  score  derived  over  a  pe¬ 
riod  of  several  days.  , 
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4.  Harmonization.  There  was  also  the  possibility  th*4;  the  har¬ 
monization  of  the  camera  with  the  sight  may  have  shown  slight 
differences  from  mission  to  mission. 

Conditions  of  scoring  affecting  reliability. — The  second  factor 
influencing  reliability  of  gun  camera  scores  was  an  administra-  J 
tive  one.  Scoring  of  film  could  be-done  accurately  and  had  to  be  1 

done  accurately  if  satisfactory  reliability  was  to  be  obtained.  In  j 

three  of  the  studies  summarized  in  this  section  especial  care  was 
taken  to  ensure  that  the  scoring  process  was  reliable.  Daily 
samples  of  film  were  rescored  and  if  divergences  between  the  , 
scorers’  and  checker’s  results  appeared,  the  whole  batch  of  film 
would  be  rescored.  Needless  to  say,:  the  threat  of  having  to  re-  j 
score  a  large  amount,  of  film  provided  strong  motivation  to  the 
scorers  to  exercise  utmost  care.  '■ 

At  one  time  it  was  suggested  that  a  grading  scale  be.  adopted 
for  general  use  in  the  gunnery  schools  which  would  allow  a^ stand¬ 
ard  comparison  of  a  gunner  with  his  classmates.  This  scale  was  .  ► 
to  make  use  of  the  combination  of  two  scores :  a  subjective,  quali¬ 
tative  rating,  called  an  assessment,  and  the  objective  score  as  . 
derived  by  the  gun  camera  department.  To  investigate  the  mer-  , 
its  of  such  a  proposal,  film  from  approximately  200  gun  camera  1 
missions  from  Laredo  classes  45-4  and  45-5  was  examined,  and 
,  *  the  20  clearest  films  taken  through  computing  sights  (Sperry  ball  . 
turret)  and  the  20  clearest  films  taken  through  noncomputing 
sights  (Martin  turret)  were  selected.3®  The  score  for  the  com¬ 
puting  sight  film  was  the  sum  of  the  tracking  errors  in  mils,  and  ■ 
that  for  the  fixed  sight  film  was  the  sum  of  the  directional 
(whether  too  high  or  too  low)  and  the  deflectional  (amount  of  de-  » 
flection)  errors,  also  in  mils.  The  assessments  were  based  on  ■* 
general  effectiveness;  tracking  error,  tracking  smoothness,  fram¬ 
ing  error,  and  framing  smoothness  for  the  computing  sight  film ; 
and  for  the  noncomputing  (fixed)  sight  film,  general  effective- 
■’  ‘ness,  deflection,  line  of  apparent  motion,,  and  smoothness.  After 
assessment  the  performance  was  given  a  rating  of  one  to  five.  ; 

.  The  scores  originally  derived  by  the  film  scoring  department  for 
final  grades  were  used,  and  at  a  later  date  the  film  scoring  depart-  . 
ment  rescored  this  same  film.  Four  experienced  enlisted  men  as¬ 
sessed  all  of  the  film  twice  on  successive  days.  Correlation  co¬ 
efficients  were  computed  between  the  two  sets  of  scores  and  be¬ 
tween  the  two  sets  of  assessment  ratings.  These  are  shown  in' 
tables  9.36  and  9.37  and  clearly  demonstrate  that  there  was  very  '  j 
little  similarity  between  either  the  sets  of  the  scores  or  the  sets  ’  1 

of  assessments  and  also  that  two  combinations  of  assessment  ; 

ratings  with  scores  had  very  little  in  common. 

—  #  *  \ 
30  The  project  officer  for  thlt  InycsUgaiion  wu  LU  Estea  W,  R»r. 
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Table  9M<— Reliability  of  Gun  Camera  Assessment:  Correlation  between 
firtt  and  teeond  assessments:  Each  computation  based  on  2  attacks  for 
each  of  20  gunnery  students  (Class  45-4  and  45-5,  Laredo,  February  1945) 


Computing  sight 
rater  number 

Noncoreputtng  sight 
rater  number 

1 

2 

S 

4 

1 

2 

8 

4 

Item  I — general  effectiveness — 
Total  assessment  sum  of  8 
Items, 

0.45 

.46 

0.32 
,  .49 

0.68 

.80 

0.29 

.82 

0.38 

.29 

0.45 

.44 

0.39 

.01 

0.29 

.88 

Table  9.37. _ Reliability  of  gun  camera  scores :  Correlations  between  first  and 

second  scoring  of  film  and  between  first  and  second  composite  scores  based 
on  combination  of  scores  and  assessment  grade  ratings;  each  computation 
based  on  2  attacks  for  each  of  20  gunnery  students  (class  4 5-4  and  45-5, 
•  Laredo,  February  1945) 


* 

N 

1st  score  vs. 

2d  score 

1st  composite  vs. 
2d  composite 

2?  , 

0.43 

0C41 

2» 

.  .58 

.OT 

1 

Reliability  under  experimental  conditions.— Since  it  was  impos¬ 
sible  to  control  completely  the  first  two  sources  of  unreliability, 
the  most  important  actual  determinant  of  reliability  appeared  to  « 
be  the  length  of  the  sample  obtained.  In  two  studies S1  conducted* 
jointly  by  the  School  of  Aviation  Medicine  and  the  Central  School 
for  Flexible  Gunnery  the  problems  and  the  possibility  of  obtaining 
satisfactorily  reliable  gun  camera  records  were  demonstrated. 

Experiment  I. — One  experiment,  whose  purpose  was  to  measure 
the  amount  of  transfer  from  practice  on  ihe  E-8  Spotlight  Trainer 
and  the  DeVry  Panoramic  Trainer  to  the  camera  criterion,  yielded 
much  information  on  the  reliability  of  gun  camera  scores.  Thirty- 
two  gunnery  graduates  were  divided  into  two  groups  of  16  each;  , 
one  group  was  given  three  gun  camera  missions  in  the  Sperry  , 
upper  turret,  followed  by  intensive  training  on  the  E-8  Spotlight 
Trainer  and  then  three  additional  gun  camera  missions  as  before. 
Each  mission  for  each  man  consisted  of  6  attacks  by  a  P-40  air¬ 
plane  under  standard  conditions.  The  other  group  was  given 
three  gun  camera  missions  in  the  Martin  turret,  followed  by  in-  • 
tensive  practice  on  the  DeVry  Panoramic  Trainer  and  then  three 
more  gun  camera  missions  as  before.  During  the  missions,  the 
members  of  the  two  groups  were  flown  so  that  influence  of  varia¬ 
tions  in  bomber  and  fighter  pilot,  weather,  illumination;,  and 

"  i 

31  These  project!  were  conducted  In  collaboration  with  the  School  of  Aviation  Medicine, 
Randolph  Field,  Te*.  Capt  Maion  Halre,  and  S/Sgt.  Rlner  C.  Payne  represented  the  Re¬ 
search  Division  of  CSFQ,  and  Capt.  Moncrleff  H.  Smith  represented  the  School  of  Aviation 
Medicine. 
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supervision  were  equalized  for  all  subjects.  Films  were  developed 
overnight, and  given  a  preliminary  scoring  in  the  morning,  so  that 
gunners  could  see  the  results  of  the  preceding  day's  mission  before 
the  next  flight  in  the  afternoon. 

In  table  9.38  are  shown  inter-mission  rank-order  reliability  co¬ 
efficients  for  the  tracking  and  framing  errors  of  Sperry  gunners 
and  the  circular  errors  of  Martin  gunners.  The  small  size  of 
these  coefficients  indicated  relatively  little  relationship  between 
the  missions. 

When  the  intramission  reliability  of  gun  camera  scores  was 
considered  a  similar  picture  was  seen.  Table  9.39  shows  intra¬ 
mission  rank-order  coefficients  obtained  for  the  mean  scores  on 
odd-numbered  attacks  and  even-numbered  attacks  on  each  mission 
separately,  and  for  the  first  three  missions  and  the  last-three  mis¬ 
sions.  These  coefficients  were  not  corrected  by  the  Spearman- 
Brown  formula. 

Experiment  II. — In  another  study  done  at  Laredo  in  collabora¬ 
tion  with  the  School  of  Aviation  Medicine,  more  evidence  of  the 
nature  of  gun  camera  score  reliability  was  found.  This  study 
was  primarily  concerned  with  determining  the  amount  of  learn¬ 
ing  that  would  be  realized  by  32  graduate  gunners  on  10  successive 
gun  camera  missions.  :  ';  *  * 

Table  9.38 ‘.-Reliability  of  gun  camera  scores:  Rank  order  correlation*  of 
scores  on  single  missions  in  terms  of  tracking  and  framing  errors  of  It 
graduate  Sperry  gunners  and  of  circular  error*  of  16  graduate  Martin  gun¬ 
ners  (Laredo,  3d  quarter ;  194$) 


* 

Sperry  gunners  ‘  . 


' 

Tracking  errors  . 

Framing  arm's  *  •'  "* :  • 

1 

2 

3 

4  ‘ 

5 

6 

1 

2 

3 

4 

5  ' 

« 

1 _ 

2 _ 

3  _ 

4  _ 

5  _ 

6  - 

-.18 
-.20 
.38 
— .65 
.87 

-0.16 

.60 

.08 

.50 

.22 

—0.20 

.60 

.46" 

.66 

.45 

0.36 

.08 

.46 

.31 

.23 

—0.65 

.50 

.56 

.31 

-.80 

0.67 

.22 

.45 

.23 

.80 

-o'aV 

—.42, 
.06, 
.08  \ 
-.03 

,0.32 

.03* 
.42 
,  .34 

{  .08 

-0.42 

—.03 

".17 

—.19 

.25 

0.06 

.42 

.17 

“.2<f 

.27 

o:os 

-34 
— .19 
.20, 

3To~ 

~o;os 

r  .04 
.26 
.21 
.30 

Martin  gunners  circular  errors 


l 

2 

3 

4 

5 

>  . 

0.58 

0.02 

0.66: 

0.42^ 

0.29 

2  . 

0.5S 

.07 

.47 

.42 

—.67 

S  __ 

.02 

.07 

—.01 

.29 

.02 

4__ . 

.56 

.47 

— 01 

.38 

(J) 

5  ... 

.42 

.42 

.29 

.38 , 

.41 

a  _ 

.29 

—.67 

♦  .02 

t1) 

At 

1  Insufficient  cases. 
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Tabus  9.33, — Reliability  of  gun  camera  score* :  Average  of  rank  order  corre¬ 
lation  coefficient*  of  ecoret  on  tingle  mission#  in  term*  of  Sperry  mil  track¬ 
ing  and  framing  error*  and  of  Martin  mil  circular  error*  made  by  16  grad¬ 
uate  Sperry  gunner*  and  16  graduate  Martin  gunner*  ( Laredo ,  3d  quarter 


**  i  1*1,  T  '  t  *  . 

*  ,  ' 

Average  lnttroorr elation* 

-*  *  * 

•  *  *  *  • 

H 

Missions 

1.2.  a 

Missions 

4, 5.  a 

All 

missions 

Sperry  tracking  error - - 

la 

O.OS 

0.50 

0.20 

Sperry  training  error—. - - - 

i« 

—.05 

.19 

.11 

Martin  circular  error—— - 

la 

.11 

.21 

.15 

Sixteen  graduates  who  had  specialized  in  the  Martin  turret  and 
16  who  had  specialized  in  the  Sperry  lower  ball  turret  were  given 
10  successive  gun  camera  missions  over  a  period  of  17  days. 
Since  the  operating  mechanisms  of  the  lower  ball  turret  and  the 
upper  local  turret  were  considered  to  be  similar,  the  Sperry  gun-  ! 
ners  were  given  their  gun  camera  missions  on  the  upper  local  tur¬ 
ret  A  mission  consisted  of  six  attacks  for  each  man,  three  be¬ 
ginning  from  the  9,  o'clock  position  and  three  from  3  o’clock;  all 
were  pursuit  curve  attacks.  Bombers,  fighter  pilots,  and  in¬ 
structors  were  alternated  among  the  subjects  so  that  the  influence  . 
of  each  variable  would  be  equal  for  all  subjects.  At  the  beginning 
of  each;2.Tiaek  the  instructor  started  both  cameras,  or  if  the  attack 
appeared  to  be  wrongly  made,  he  would  inform  the  gunners  and  ! 
also  the  fighter  pilot.  In  this  way  it  was  possible  to  ensure  that  : 
both  gunners  operating  at  any  one  time  fired  at  the  same  attacks. 

Again  rank-order  coefficients  for  odd  and  even  numbered  at*  ' 
tacks  within  each  mission  were  computed  and  averaged.  These  " 
are  reported  in  table  9.40,  as  raw  coefficients,  not  corrected  by  the 
Spearman-Brown  formula. 

Although  the  average  intra-mission  reliabilities  came  close  to  . 
being  acceptable,  there  was  sufficient  variation  from  one  mission  - 
to  the  next  to  prohibit  accepting  any  one  mission  as  a  reliable 

i 

Table  9.40.-— Reliability  of  gun  camera  score*:  rank  order  correlation*  of 
scores  made  on  odd  and  even  numbered  attacks  within  a  cingic  mission,  in 
term*  of  Sperry  mil  tracking  and  framing  errors  and  of  Martin  mil  dr-  . 
cular  error*  made  by  16  graduate  Sperry  gunners  and  16  graduate  Martin 
gunners.  (Laredo,  fourth  quarter,  19 JU) 


Measurement 

1 

2 

3 

4 

5 

«  | 

7 

8 

9 

10 

Average 

Sperry: 

Tracking—  _ 

Framing _ 

Martin : 

0.78 

.70 

0.52 

.32 

0.53 

-.03 

0.44 

.84 

0.66 

-.31 

0.47 

.09 

0.94 

.53 

0.64 

.54 

0.86 

.37 

0.46 

.60 

0.65 

.47 

Circular  error _ 

.65 

.54 

.52 

.54 

(»> 

.58 

.29 

.66 

eV9 

.74 

.60 

1  Minton  6  Is  omitted  because  ot  Insufficient  data. 
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V  ' 


Sperrr  tracking 

Sperry  framing 

0.05 

0.42 

index  of  the  gunner’s  proficiency.  Table  9.41  summarizes  the 
degree  to  which  scores  from  any  one  mission  would  predict  scores 
on  any  other  mission;  the  average  intercorrelations  presented 
here  show  again  that  one  mission  was  not  sufficiently  representa¬ 
tive  of  a  man’s  performance  to  be  used  as  a  criterion  of  his  ability. 

Table  9.41. — Reliability  of  gun  camera  scores:  Average  of  rank  order  inter¬ 
correlations  of  scores  on  single  missions,  in  terms  of  Sperry  tracking  and 
framing  errors  and  of  Martin  circular  errors  made  by  IS  graduate  Sperry 
gunners  and  16  graduate  Martin  gunners •  (Laredo,  fourth  quarter,  19 H) 
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Since  a  single  gun  camera  mission  was  not  sufficiently  stable  to 
be  used  as  a  measure  of  proficiency,  it  was  necessaryto  determine 
how  many  such  missions  were  necessary  to  produce  satisfactory 
reliabilities.  One  approach  was  to  consider  the  correlations 
among  various  combinations  of  scores.  For  instance,  the  scores 
on  odd  numbered  attacks,  and  even  numbered  attacks  throughout 
any  two  missions  could  be  correlated;  the  same  could  be  done  with 
odd  and  even  numbered  attacks  for  any  number  of  missions  taken 
together.  Also,  the  total  scores  for  groups  of  missions  could  be 
combined  and  correlated  with  total  scores  of  other  groups  of  mis¬ 
sions:  Both  of  these,  processes  were  carried  out.  The  latter 
method  was  considered  to  provide  a  more  adequate  estimate  of 
reliability.  The  results  are  given  in  table  9.42.  '•  ,  ' 

.  ■  ■  •  i'  -  _  i* 

Table  9.42. — Reliability  of  gun  camera  scores:  Rank  order  intercorrelations 
between  scores  made  on  odd, and  even  numbered  attacks  vnthin  groups  of 
missions,  and  between  scores  made  on  groups  of  missions  by  16  graduate 
Martin  gunners  and  16  graduate  Sperry  gunners  (Laredo,  fourth  quarter , 
19U)  •  >  ‘  ■ 


Odd  v*.  even  attack*  within  groups  of  mission* 


1st  5  missions _ - _ 

2d  5  missions _ i - 

1st  3  missions _ _ _ 

1st  0  missions _ 

10  missions _ _ _ 


Sperry  tracking 

Sperry  framing 

Martin  circular 
error  " 

0.61 

0.63 

0.64 

.77 

.87 

i  -75 

.89 

.85 

.50 

.51 

.37 

.75 

.75 

.86 

XI 

.88  , 

.01 

V 

RANK  ORDER  CORRELATIONS  BETWEEN  GROUPS  OE  MISSIONS: 


Average  rho  between  pairs  of  missions.. 

0.?2 

.1.6 

0.59 

.78 

0.51 

.74 

.68  - 

.75 

*  ' 

.M 

.45 

•75 

.92 

.96 

.94 

_ _ _  - 
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No  Spearman-Brown  correction  was  applied  to  any  of  these  co¬ 
efficients*  '  ’ 1  ‘ 


It  can  be  seen  that  pairs  of  missions  provided  a  somewhat  more 
stable  score  than  single  missions,  but  that  the  scores  still  were  not 
satisfactorily  reliable.  For  these  data  it  appeared  that  five  was 
about  the  minimum  number  of  missions  that  could  be  given  and 
still  provide  a  sample  of  performance  adequate  to  serve  as  a  cri¬ 
terion  of  a  ^gunner’s  proficiency.  It  must  be  emphasized,  though, 
that  uriless\  the  conduct  of  such  missions  had  the  closest  supervis¬ 
ion  it  was  possible  to  have  variation  from  mission  to  mission 
which  might  completely  destroy  the  reliability  of  the  scores. 

It  was  also  possible  to  compute  reliabilities  for  these  data  by 
grouping  the  scores  by  days  rather  than  by  missions.  There  were 
6  days  on  which  all  gunners  flew.  The  correlations  between 
scores  grouped  according  to  the  day  on  which  they  were  made 
were  somewhat  higher  than  when  scores  were  grouped  by  mission 
number,  which  supports  the  contention  that  the  influences  of  vari¬ 
ations  in  type  attack,  turbulence  of  the  air,  state  of  equipment, 

'  \ 

Table  9.43. — Reliability  of  gun  camera  scores:  Rank-order  correlations  be¬ 
tween  scores  made  on  odd  and  even  numbered  attacks  with  data  grouped  by 
days  rather  than  by  missions,  and  rank  order  correlations  between  scores 
made  on  succeeding  operational  days  by  16  graduate  Sperry  gunners  and 
16  graduate  Martin  gunners  (Laredo,  fourth  quarter,  19JU)  . 

ODD-EVEN  ATTACK  RELIABILITY  COEFFICIENTS 


5  July 

11  July 

17  July 

19  July 

20  July 

21  July 

Average 

Sperry  tracking _ 

0.78 

0.43 

0.91 

0.88 

0.91 

0.50 

0.79 

Sperry  framing— - 

.70 

.42 

.52 

.64 

.51 

,82 

.58 

Martin  clrc.  error 

.55, 

.81 

(*> 

.43 

.82 

.82 

.72 

DAT  AOAINST  DAY  RELIABILITY  COEFFICIENT* 


Sperry  tracking: 

7  July - 

11  July - - - 

17  July - - 

1#  July.... - i; — 

20  July.. - 

(Average  Rko=0.08) 

21  Juiy - 

Sperry  framing: 

7  July - 

11  July.. - . - 

17  July — i - - — 

,1#  July.. - - 

20  July - 

( Average  Rho=0.40) 

21  July— — - - 

Martin  circular  error: 

7  July _ 

11  July - 

17  July — ; - 

19  July _ 

20  July - 

(Average  Rho=0.13) 

21  July - - — 


0.20 

-.14 

-.49 

.44 

—.28 


0.04 

.18 

.31 

.64 

.34 


- J  .0.41 


.04 

.45 

.29 


0.20 

.37 

-.24 


.30 


0.04 

.38 

.28 

.41 


0.41 


.01 

.21 

.24 


-0.14 

.37 

.31 

.08 


0.18 

.44 

~49 

,.54 

.44 


-0.49 

-.24 

.42 

'-.68' 

.20 

.31 

.38 

.49 

."eT 

.52 


-0.04 

.01 


-.04 

-.14 


0.44 

.69 

.31 

-.58 


-.18 


0.54 

.28 

.54 

.84 


.40 


0.45 

.21 


-.04 

.37 


-0.28 

.30 

.08 

.20 

-.18 


0.34 

.41 

.44 

.52 

.40 


0.2b 

.24 


-.14 

.37 


i  Insufficient  data. 
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morale  of  the  gunners,  etc.,  were  acting  in  different  strengths 
from  day  to  day.  See  table  9.43;  Spearman-Brown  corrections 
have  not  been  applied  to  coefficients  here  reported.  •  > 

One  instance  in  which  lack  of  facilities  for  adequate  control  of 
conditions  invalidated  data  derived  by  means  of  the  gun  camera 
is  seen  in  the  air  phase  of  a  study  conducted  by  personnel  of  the 
Kesearch  Division  of  the  Central  School  in  cooperation  with  the 
Army  Air  Forces  Board  at  Orlando,  Fla.  The  ground  phase  of 
the  project  is  summarized  elsewhere  in  this  chapter  and  con¬ 
cerned  the  evaluation  of  the  E-14  Trainer  modified  for  use  in 
training  B-29  gunners.  In  the  ground  phase  a  number  of  sub¬ 
jects  were  given  practice  on  the  device,  and  curves  of  learning 
were  plotted.  •  '  v 

The  air  phase  was  partially  an  attempt  to  validate’  the  training 
received  on  the  ground  trainer  against  gun  camera  as  a  criterion 
of  proficiency.32  Thirty-four  subjects,  5  combat  bombardiers 
(Group  A),  10  combat  gunners  (Group  B),  9  graduate  gunners 
(Group  C),  and  10  untrained  gunners  (Group  D),  were  each 
given  4  missions  in  both  the  ring  and  blister  positions  of  a  B-29. 
Each  mission  consisted  of  6  simulated  attacks  by  a  P-51  airplane, 
from  the  3  o’clock  and  9  o’clock  positions  beginning  1,000  to  1,500 
yards  out.  The  bomber  flew  at  an  indicated  air  speed  of  approxi¬ 
mately  200  m.p.h.  and  at  an  altitude  of  approximately  10,000  feet; 
attacks  conformed  to;  the  pursuit  curve  pattern  as  closely  as 
possible.  The  report  (published  by  the  AAF  Board)  does  not 
indicate  the  lapse  of  time  between  missions,  the  method  of  alter¬ 
nating  the  subjects  from  one  position  to  the  other,  whether  the 
right  or  left  blister  station  was  used,,  or  the  alternation  if  both 
were  used.  -  ...... 

The  film,  exposed  through  the  sighting  heads,  was  scored  for 
tracking  error  and  framing  error,  the  former  in  terms  of  the  mil 
distance  between  the  center  of  the  reticle  and  the  center  of  the 
attacking  plane  image,  and  the  latter  in  terms  of  the  mil  diffeir- 
•  ences  between  the  wingspan  of  the  plane  image  and  the  diameter  of 
the  reticle.  Shortage  of  film  required  that  the  cameras  be  run  at  a 
slow  speed,  producing  about  60  frames  of  exposed  film  per  attack. 
This  further  necessitated  that  every  fifth  frame  of  film  be  scored 
'instead,  of  every  tenth  in  order  to  obtain  10  readings  per  attack. 
The  report  does  not  mention  precautionary  measures  taken  <to 
ensure  reliable  scoring. 

The  fact  that  the  scores  derived  from  the  gun  camera  film 
were  of  unsatisfactory  reliability  precluded  the  drawing  of  de- 

~32  Project  Officer  for  this  Investigation  was  Capt  Alfred  O.  Jensen,  assisted  bjr  Lt.  Clar¬ 
ence  P.  Willey  and  Sgt.  Carl  H.  Marten*. 
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fensible  conclusions  from  the  data  obtained.  Evidence  of  this 
lack  of  reliability  is  seen  in  table  9.44  which  gives  misaion-to- 
misslon  correlations  obtained  from  both  ring  and  pedestal  sights. 
The  highest  of  these  inter-mission  reliabilities  was  0.56;  No  • 
intramission  reliabilities,  correlating  odd  versus  even  numbered 
attacks,  were  reported.  • 

Learning  as  measured,  by  the  gun  camera. — From  the  foregoing 
passage  pertaining  to  reliability  and  the  lack  of  it  in  ordinary 
practice,  it  can  be  surmised  that  under  the  conditions  usually 
obtained  in  the  gunnery  schools  there  would  be  little  if  any  evi-_ 
dence  of  learning  on  gun  camera  missions. 

One  of  the  studies  referred  to  above  (pp.  227)  in  the  discus- ' 
sion  of/> reliability  was  concerned  with  the  learning  evidenced  by  1 
32  graduate  gunners  on  10  successive  gun  camera  missions.  j 
Sixteen  of  these  men  had  been  trained  on  the  Martin  turret  in  ' 
gunnery  school  and  received  their  10  experimental  missions  in 
that  turret;  the  other  16  had  been  trained  on  the  Sperry  turret  j 
and  received  their  missions  in  that  one.  Each  mission  consisted  ; 
of  6  attacks  per  subject,  3  from  the  9  o'clock  position  and  3  from  j 
3  o'clock;  all  attacks  were  flown  on  a  pursuit  curve.  In  filming 
the  attacks  all  cameras  were  under  the  control  of  the  instructor’s  j 
switch,  which  was  closed  only  during  satisfactory  attacks. 

<  «  > 

Table  9:44. — Reliability  of  gun  earner  a  eeoret:  Product  moment  eorrelatione 
between  eeoret  on  tingle  mietiont  and  between  combined  eeoret  on  pairt  of 
missions,  in  terms  of  tracking,  framing,  and  tracking-plue-framing  errors  * 
made  from  pedestal  and  ring  sighting  stations  (Orlando,  third  quarter, 

■1W).  V>  .  .  .  ,  ,  .  • 


MImIo* 

PadMtal  atatiom  * 

Ring  atatioa 

K 

Fram¬ 
ing  r 

Track¬ 
ing  r 

Framing- 
pitta¬ 
tracking  r 

N 

Fram-, 

ingr 

Track¬ 
ing  r 

Framlag- 

plua- 

trackingr 

1  and  2  . 

84 

0.39 

0.54 

mm 

84 

-0.01 

—6.13 

-0.10 

*  and  a. 

81 

.12 

.20 

IsShEtI 

2:> 

.60 

.39 

24 

.27 

.47 

19 

.53 

—.19  • 

-  .13 

1-2  and  S-4 - 

24 

.89 

.0« 

19 

.50 

.01 

.43 

1-3  and  2-4 - 

24 

.89 

.9? 

mm 

19 

-.11 

..37 

At  the  end  of  the  10th  missipn  the  tracking  error  an;*  framing 
error  scores  for  Sperry  gunners  and  the  circular  error  scoa  :c  for 
Martin  gunners  were  computed  and  plotted.  The  data  are  shoe-; 
in  table  9.45  and  the  curves  plotted  from  the  data  are  given  in 
figure  9.24.  ■  '  .t.  ' 


I  ■  ’  -  ■!  .  .  ’  » 
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Tabus  9.45. — The  course  of  gunnery  proficiency;  mean  and  etandard  devia¬ 
tion  of  mil  tracking  and  framing  errors  of  16  Speiry  punners  and  circular 
errors  .of  19  Martin  gunnere  oh  10  successive  missions  (Laredo,  fourth 
quarter  1941) 


There  was  no  consistent  trend  of  improvement  or  decline  in 
proficiency  in  any  of  the  measures  excepting  Sperry  framing,  in 
which  case  the  average  error  score  for  the  first  five  missions  was 
significantly  worse  than  that  obtained  on  the  last  five  missions; 
this  difference  was  probably  due  chiefly  to  the  poor  performance 
on  missions  4  and  5. 

The  intercorrelations  of  Sperry  framing  errors  for  the  10  mis¬ 
sions  are  reported  in  table  9.46. 


Table  9.46. — Intercorrelations  of  ranks  in  proficiency  in  framing  of 19  Sperry 
gunners  bn  10  successive  missions  (Laredo,  fourth  quarter,  19U) 


Considerable  evidence  of  learning  was  found  when  the  sub¬ 


jects  concerned  were  untrained  gunners,  as  shown  in  another 
experiment  done  in  collaboration  with  the  School  of  Aviation 
Medicine  in  October  of  1944. 

In  this  experiment,  54  men.  were  selected  from  the  pool  of 
men  awaiting  entrance  into  Basic  Gunnery  School.  The  only 
requirements  were  an  Army  General  Classification  Test  score  of 
110  and  a  record  of  no  previous  gunnery  experience.  The  men 


were  divided  into  3  groups  of  18  men  each  and  arbitrarily  assigned 
to  the  Sperry  upper  turret,  the  Martin  turret  and  the  waist  gun 
position  equipped  with  the  K-13  compensating  sight,  all  in  YB-40 
airplanes ;  subjects  remained  at  these  assigned  portions  through¬ 
out  the  experiment.  Each  group  was  given  a  lecture  on  the 
equipment  it  would  use,  and  the  Martin  gunners  received  ah  in¬ 
doctrination  in  the  principles  of  position  firing.  The  groups 
assigned  to  the  turrets  were  given  8  minutes  of  practice  on  the 
Spotlight  Trainer,  and  all  3  groups  were  given  a  familiarization 
flight  of  about  1  hour.  At  the  conclusion  of  these  familiarization 
preliminaries  the  subjects  began  a  schedule  which  called  for  them 
to  fly  a  mission  each  afternoon  and  see  the  results  of  their  firing 
the  next  morning  when  the  film  of  the  preceding  day  was  given  a . 
preliminary  scoring.  Each  mission  for  each  subject  consisted 
of  six  attacks,  three  from  3  o’clock  position  and  three  from  9 
o’clock.  Waist  gunners  shifted  from  one  gun  to  the  other  after 
three  attacks  from  the  first  side.  The  same  scores  as  in  the 
experiment  last  described  were  used.  In  addition,  the  Sperry 
gunners  received  a  combined  score  consisting  of  the  sum  of  the 
average  tracking  error.  The  score  for  waist  gunners  was 
average  tracking  error,  measured  as  the  distance  between  the 
center  of  the  sight  reticle  and  the  nose  of  the  attacking  plane, 
since  the  proper  point  of  aim  with  the  K-13  sight  was  always  the 
nose  of  the  attacking  fighter.  /  '  *  . 1  ,  - 

Untrained  gunners  definitely  showed  increase  in  proficiency  in 
the  gun  camera  situation.  Table  $.47  shows  the  means  and 
standard  deviations  by  mission  for  each  group  of  gunners,  and 
table  9.48  shows  the  comparisons  of  the  first  and  last  five  missions. 
In  each  case  the  product-moment  correlation  between  the  two 
arrays  was  taken  into  account  in  computing  the  standard  error  of 
the  difference.  . 

Table  9.49  summarizes  the  results  of  a  comparison  between 
the  performance  of  gunnery  graduates  in  the  earlier  experiment 
and  the  untrained  gunners  used  in  this  experiment.  Although 
the  data  were  obtained  in  different  experiments,  every  effort  was 
made  to  maintain  exactly  comparable  conditions  between  the  two 
studies.  The  results  indicated  that  although  the  trained  Martin 
gunners  made  reliably  better  scores  and  the  trained  Sperry  gun¬ 
ners  made  reliably  better  framing  scores  on  the  first  five  trials 
than  did  the  naive  students,  no  differences' appeared  between  the 
two  groups  on  these  scores  on  the  second  fiv.e  trials'.  On  Sperry 
tracking  scores,  the  naive  gunners  did  reliably  better  than  did 
the  trained  gunners  both  on  the  fir  ^  five  and  second  five  missions. 
No  explanation  of  the  superiority  of  the  naive  gunners  on  thi^ 
score  was  found.  There  was  no  r<"son  to  believe  that  selection 
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of  the  untrained  group  could  have  affected  this  difference,  or  that 
differences  in  the  firing  or  scoring  procedures  could  have  influ¬ 
enced  the  result®. 

Conclusion  regarding  learning  as  measured  by  the  gun  camera* 
—The  learning  situation  imposed  by  the  gun  camera  procedures 
was  not  very  favorable  to  improvement.  Even  in  the  experi¬ 
ments  just  summarized,  the  gunners  had  no  knowledge  of  results 
until  the  morning  following  the  mission,  which  represented  more 
individual  treatment  and  a  higher  degree  of  knowledge  of  results 
than  was  probably  possible  in  large  scale  training  programs; 
only  the  naive  subjects  showed  any  improvement,  and  this  im¬ 
provement  ceased  to  be  significant  after  five  missions.  Although 
these  findings  were  based  on  a  rather  small  number  of  subjects, 
they  clearly  suggested  that  the  amount  -f  gain  in  proficiency  to  be 
expected  from  gun  camera  training  was  not  great.  - 
Validity  of  gun  camera  scores . — There  is  little  that  can  be  said 
of  the  validity  of  the  gun  camera  procedure,  except:  that  it  was 
the  closest,  reliably  scorable  approximation  to  combat  that  was 
attained  in  the  flexible  gunnery  program.  •  *  - 

For  some  time  a  series  of  attempts  were  made  to  increase  the 
realism  in  the  gun  camera  situation  by  firing  blank  caliber  .50. 

Table  9-47 .—The  course  of  gunnery  proficiency:  Mean  and  standard  deviation 
of  mil  tracking  and  framing  errors  of  Sperry  ^gunners,  of  mil  circular  errors 
of  Martin  gunners ,  and  of  tracking  errors  of'K-13  waist  gunners  on  10 
successive  gun  camera  missions,  .all  gunners  untrained  (Laredo,  fourth 
quarter,  19U) 

_ _ ‘m _ . _ ^ _ •_ _  •  i _ » • 

Mission  number  ,  • . 


Sparry  gunners 

Tracking  error : 

Mean - 

8D _ 

Framing  error: 

Mean... - 

80 _ 

N _ _ _ 


Tracking-plus* 
framing  error: 

Mean _ 24.65 

8D _ _ _ 13.26 

N _ 8 

Martin  gunners 

Circular  error : 

Mean _ 36,55 

•8D _  9.02 

N_ _ 17 

K-13  Waist 
gunners 

Merr _ _  10.50 

8D. _ 2.83 

N _ 18 


6.45  6.22  5.18  I  7.08  6.90  5.50  5.62  6.7* 

2.45  0.74  0.98  2.21  2.19  1.29  1.08  1.72 

17  17  16  17  17  17  16  17 


11.55  8.10 

7.03  5.48 

16  15 


17.72  13.22 
7.26  6.18 

16  15 


24.88  29.23  26.45 

6.89.  7.59  7.49 

18  17  18 


7.62  8.32 

2.30  2.44 

17  18 


7.38  6.48 

2.58  ,  3.20 
16  17 


13.00  12.20 
3.15  4.31 

16  17 


21.05  19.75 
5.04  S.78 

18  18  ■ 


7.28  7.40 

1.48  1.50 

18  17 
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ammunition  during  gun  camera  exercises.  Although  this  com¬ 
bination  sounded  like  an  excellent  idea  at  first,  it  turned  out  to 
be  replete  with  difficulties,  which  greatly  impeded  its  development 
to  the  usable  state.  The  principal  difficulties  seemed  to  be  that 
the  slower  rate  of  fire  and  the  greater  recoil  of  blank  round* 
combined  to  produce  excessive  vibration  of  the  gun,  which  made 
it  very  difficult  to  obtain  clear  pictures,  and  also  caused  rapid 
deterioration  of  gun  mounts.  Frequent  malfunctions  were  caused  . 
by  accumulation  of  carbon  in  the  moving  parts  and  in  the- recoil 
booster. 

A  Frangible  Bullet  Trainer,  described  elsewhere  in  this  chapter 
may  be  said  to  have  had  a  higher  face  validity  than  gun  camera, 
but  the  level  of  development  which  the  frangible  bullet  technique 
had  reached  at  the  cessation  of  gunnery  training  did  not  permit  a 
score  sufficiently  reliable  for  use  as  a  criterion  of  gunnery  profi¬ 
ciency.  It  is  possible  that  frangible  bullet  training  contained  ! 
greater  motivational  possibilities,  since  it  actually  involved  shoot- 
.  ing  guns  instead  of  a  camera  at  a  target,  but  there  was  no  quanti¬ 
tive  affirmation  or  denial  of  this  possibility.  It  is  regrettable. 
that  no  experiment  was  performed'  to  evaluate  frangible  bullet:  1 
training  in  terms  of  proficiency  with  the  gun  camera. 

Table  9.48.— The  count  of  gunnery  proficiency:  Mean $  and  standard  devia¬ 
tions,  differences,  standard  errors  of  differences,  and  t  of  mean  differences 
in  mil  errors  made  on  first  5  and  second  5  of  10  successive  gun  camera  mis i 
sions,  in  terms  of  tracking  and  framing  errors  of  Sperry  gunners,  circular  - 
errors  of  Martin  gunners,  ahd  tracking  errors  of  K-1S  waist  gunners,  off  1 
gunners  untrained  (Laredo,  fourth  quarter,  1944) 


, 

;  Sperry 
tracking. 

Sperry 

framing 

Sperry 

tracking 

and 

framing 

Martin 

circular 

error 

K-lt 

tracking- 

n..:. _ _  .  _  . 

17 

17 

17 

.  18 

18 

Missions  1-5: 

Mean  -  - 

5.95 

10.80 

17.62 

30.45 

9.08 

3D-  . —  — 

.  1.08 

2.98 

4.02 

6.60 

2.05  . 

Missions  5-10: 

Mean.  _ _ _ _ _ 

5.15 

’  6.75 

12.90 

22.76 

7.65 

3D.  . . 

0.93 

2.14 

2.35 

3.68  * 

1.04 

Difference  ... 

0.80 

4.05 

4.72 

7.70 

1.43 

0.30 

0.74 

0  87 

1  20 

0  36 

t*  - 

2.68* 

5.46*  • 

4.88*  • 

5.97*  • 

3i95** 

1  The  number  of  times  In  100  that  a  value  of  t  as  large  at  each  one  obtained  would  b* 
expected  to  arise  by  chance  Is  Indicated  by  the  following  system: 

*  between  1  end  5  times  In  100.  1 

••  less  than  1  time  la  100.  .  • 

1 

Concluding  statement  regarding,  gun  camera. — In  summary,  it  * 

seems  that  the  gun  camera  left  much  to  be  desired  as  a  trainer. 

The  reliability  was  at  best  lower  than  might  have  been  hoped 
and  even  this  was  obtained  only  with  great  care  and  by  rigid 
control  of  the  situation,  which  was  not  ordinarily  achievable  ifl 
training  programs.  The  nature  of  the  task  made  it  impossible 
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to  have  immediate  knowledge  of  results.  It  was  an  expensive 
training  situation,  affording,  for  a  large  outlay  of  men  and  ma¬ 
terial,  an  amount  of  aiming  practice  measured  in  minutes  rather 
than  hours.  But  whatever  its  shortcomings  as  a  trainer  may 
have  been,  the  gun  camera  remained  the  only  usable  criterion  of 
proficiency  available  at  the  close  of  the  gunnery  program. 

The  Firing  Error  Indicator  •  .  •  *  * 

One  of  the  areas  of  flexible  gunnery  training  to  receive  earliest 
and  most  prolonged  investigation  was  the  aerial  firing  situation.  • 
The  attainment  of  reliable  scores  was  the  principal  problem  which 
was  brought  into  focus  by  the  early  policy  of  eliminating  gunners 
on  the  basis  of  scores  made  in  firing  at  flag  targets  towed  parallel 
to  the  firing  planes.  Early  studies  showed  that  air-to-air  firing 
at  flag  targets  had  very  low  reliability,  as  pointed  out  elsewhere 
in  this  chapter.  From  the  point  of  view  of  training,  a  second 
and  more  important  problem  was  that  of  obtaining  immediate 
knowledge  of  results  of  firing.  The  Firing  Error  Indicator, 


Table  9.49. — The  course  of  gunnery  proficiency:  Means,  differences,  standard 
errors  of  differences  and  C.R.  of  differences  between  graduate  and  untrained 
gunners  on  first  5  and  second  5  of  10  successive  missions,  in  terms  of  mil 
tracking  and  framing,  and  tracking-plus-framing  errors  of  Sperry  gunnery, 
and  of  mil  circular  errors  of  Martin  gunners  (Laredo,  July  1944  and 
October  19M)  ' 


FIRST  FIVE  MISSIONS 


- 

N 

Sperry 

tracking 

Sperry 

framing 

Sperry 

Tracking- 

plus-framing 

.  Martin 
circular 
error 

Mean  (trained).-  — 1 - 

Mean  (naive). - 

IS 

18 

• 

»»hOM 

1  1 

7.20 
10.80 
+3.60 
0.94 
+3.84*  • 

16.05 

17.62 

+1.67 

1.41 

+1.11 

■> 

23.92 
30.45  ‘ 
+6.53 
1.84 
+3.66** 

SE  difference _ 

Critical  ratios 1 - 

1 

1 

LAST  FIVE  MISSIONS 


16 

8.28 

6.25 

.  14.50 

23.28 

(naivfi)-.—  -r 

IS 

6.15 

.6.75 

12.00 

22.75  . 
-0.53 
1.42 
-0.37 

—2.13 

+0.60 

—1.60 

0.40 

0.77 

0.93 

-5.38*  • 

+0.65 

.  —1.63 

i  A  plus  sign  indicates  superior  performance  by  the  trained  group*;  a  minua  sign  Indicate* 
superior  peuormance  by  the  naive  group.  '  ,  .  . 

•The  number  of  times  In  100  that  a  critical  ratio  as  large  as  each  one  obtained  would  be 
expected  to  arise  by  chance  la  Indicated  by  tbe  following  system* 

•  No  asterisk:  more  than  5  times  in  100. 

•  between  1  and  5  times:  In  100. 

••  lesa  than  1  time  in  100.  • 


/ 

originally  developed  under  a  National  Defense  Research  Commit¬ 
tee  contract  as  an  aid  in,  antiaircraft  training,  came  to  the  atten¬ 
tion  of  gunnery  psychologists  in  i.9<*  ■,  and  appeared  to  have 
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promise  of  becoming  a  means  of  attaining  both  requirements  of  an 
adequate  air  firing  situation  at  one  time. 

Description. — The  Firing  Error  Indicator,  hereafter  referred 
to  as  the  FEI,  may  be  described,  as  an  acoustic-electronic  device 
for  determining  the  position  of  a  projectile  when  it  was  at  its 
closest  point  to  the  target  The  device,  consisted  fundamentally 
of  two  parts :  a  transmitter  located  in  the  target  and  a  receiving 
station  located  in  the  firing  plane. 

The  transmitter  consisted  of  a  small  battery-operated  radio 
transmitter  whose  carrier  frequency  was  modulated  through  the 
agency  of  two  microphones  by  ballistic  shockwaves  originating 
from  projectiles  passing  in  the  vicinity.  The  nearer  the  trajec¬ 
tory,  the  stronger  would  be  the  shockwaves  incident  upon  the 
.microphones,  and  the  greater  the  modulated  radio  signal  recorded 
at  the.  receiving  station. 

The  two  microphones  were  ordinarily  mounted  so  as  to  face 
to  the  right  and  left  of  the  gunner  as  he  fired  at  the  target  Their 
diaphragms  were  purposely  tuned  to  two  different  audio  frequen¬ 
cies,  for  example,  1620  and  2400  cycles  per  second.  If  the  gunner 
shot  on,  the  right  side  of  the  target  one  microphone  would  receive 
greater  excitation  from  the  bullet’s  shock  wave  than  the  other. 
The  two  different  excitations  were  transmitted  to  the  receiving 
station,  which  separated  them  and  gave  the  observer  at  the 
receiving  station  the  following  information:  (a)  the  position  of 
the  projectile  relative  to  the  target  at  the  moment  of' passing 
(right  or  left)  and  (b)  the  approximate  mini.-  .*  m  distance  of 
the  bullet  from  the  target 

Early  tests. — Early  experimental  models  of  the  FEI  were  given 
trial  application  in  aerial  firing  at  Buckingham  in  the  latter  part 
of  1943.  These  tests  were  mainly  to  find  out  if  the  equipment 
was  ready  for  more  elaborate  evaluation  to  determine  its  possible’ 
status  in  the  flexible  gunnery  program.  Much  unit  to  unit  varia¬ 
bility  in  transmitters  was  revealed  as  well  as  adverse  effects  of 
slip-stream  noise,  and  of  variability  in  temperature  and  air  den¬ 
sity.  After  these  early  Buckingham  findings,  further  develop¬ 
mental  work  was  pursued  by  the  Hoffman  Radio  Corporation  and 
the  California  Institute  of  Technology  as  contractors  of  the 
NDRC,  and  a  much  improved  version  of  the  FEI  was  brought  to 
the  Central  School  in  the  summer  of  1944  for  further  aerial  tests. 

Experimental  evaluations. — By  the  first  quarter  of  1946  it 
seemed  worthwhile  to  attempt  to  determine  experimentally  the 
training  value  to  be  derived  from  including  the  FEI  in  the  aerial 
firing  procedures.  Although  the  development  and  refinement  of 
the  FEI  were  not  yet  wholly  satisfactory,  the  device  nevertheless 
had  reached  a  stage  whereat  it  functioned  with  high  mechanical 


dependability  and  was  free  from  excessive  influences  of  extraneous 
noise  and  weather  variation.  Accordingly*  an  experiment  was 
designed  and  carried  out  to  determine  if  the  knowledge  of  results 
of  air  firing  as  given  by  the  PEI  would  improve  ginnery  profi¬ 
ciency  as  measured  by  some  criterion  of  known  reliability  and- 
presumed  validity.**  The  experiment  was  a  study  of  transfer  of 
training  in  which  one  group  of  subjects  received  aerial  firing 
practice  using  standard  gunnery  school  targets  and  another  group 
received  the  same  training  but  was  given  immediate  knowledge  of 
results  via  the  FEI.  The  criterion  selected  was  3  gun  camera 
miss'ons,  each  mission  comprised  of  12  attacks  for  each  gunner. 

Procedure. — Thirty-two  untrained  gunners  showing  a  repre¬ 
sentative  distribution  of  Army  General  Classification  Test  scores 
served  as  subjects.  After  an  orientation  course  covering  opera¬ 
tion  of  the  caliber  .50  machine  gun,  manipulation  of  the  Martin 
turret,  sighting,  operation  of  gun  camera  equipment,  safety  pre¬ 
cautions,  intercom,  and  an  orientation  flight,  the  subjects  were 
given  3  gun  camera  missions,  of  12  attacks  each  per  man.  These  . 
missions  were  originally  intended  to  serve  as  pretest  and  provide 
a  basis  for  dividing  the  subjects  into  2  equal  groups,  but  unre¬ 
liability  of  the  scores  precluded  both  considerations,  and  the  * 
subjects  were  randomly  assigned  to  experimental  and  control 


groups. 

In  the  experiment  ail  subjects  fired  10  missions  from  a  B-24 
airplane  and  on  each  mission  fired  at  one  pass  (attack)  from  each 
of  four  positions :  right  waist  position,  left  waist  position,  Martin 
turret  firing  to  the  right,  and  Martin  turret  firing  to  the  left 
Each  subject  was  allowed  180  rounds  per  mission.  The  waist- 
positions  were  fitted  with  iron  ring-and-post  sights  and  the 
Martin  turret  with  a  fixed  (N-6A)  optical  sight.  ' 

In  order  to  simulate  a  pursuit  curve  and  allow  the  subjects  to 
apply  Position  Firing  rules,  the  targets  were  towed  in  a  course 
parallel  to  that  of  the  firing  plane,  but  in  the  opposite  direction,- 
The  speeds  of  the  2  planes  were  adjusted  so  that  a  2  rad  lead  was 
approximately  45  degrees  ahead  of  the  firing  plane,  a  3  rad  lead 
directly  abeam,  and  a  2"  rad  again  at  45  degrees  astern.  The 
target  was  usually  towed  10  or  15  degrees  above  the  firing 
airplane  at  a  minimum  range  of  400  yards. 

During  and  after  each  pass  the  FEI  receiver  operator  informed 
the  subject  over  the  interphone  of  the  results  of  liis.  firing. 

The  control  group  fired  exactly  as  the  experimental  group  did 
with  the  exception  that  they  fired  at  standard  gunnery  targets 


*The  project  offlcer  for  thl*  experiment  was  Capt  James  B.  Carson,  assisted  by  S/Sgt. 
Curtli  E.  Muir.  The  experiment  was  designed  and  report  written  bjr  MaJ.  John  V. 
McQuIttjr, 
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V/i  feet  x  20  feet,  whereas  the  FEI  transmitters  were  mounted  in 
targets  4  Vfc  feet  x  11  feet  Also,  of  course,  the  control  group  did 
not  receive  knowledge  of  the  results  via  the  FEI. 

After  10  missions  all  subjects  were  given  3  gun  camera  mis¬ 
sions,  each  consisting  of  3  P-63  attacks  per  gunner  fired  at  from 
each  of  the  4  previously  identified  positions.  For  the  waist  posi¬ 
tions  the  film  was  exposed  through  K-13  sights  and  scored  in 
terms  of  tracking  error.  The  Navy  assessing  device  was  used 
with  the  Martin  turret*  which  allowed  film  to  be  scored  in  terms 
of  tracking  error.  All  errors  were  expressed  in  mils. 

Results. — The  critical  results  of  the  experiment  are  shown  in 
table  9.50.  It  is  noted  that  in  every  comparison  but  one  the  con¬ 
trol  group  performed  slightly  though  (probably)  insignificantly 
better  than  the  experimental  group  (no  measures  of  significance 
are  available).  ■ 

Table  9.50. — Evaluation  of  firing  error  indicator:  Mean  tracking  nrror  tcoret  , 
in  terms  of  mils  made  from  turret  and  -waist  positions  by  experimental  and 
control  groups  (N  =  16  each  group  on  S  criterion  gun  camera  missions, 
Laredo,  fourth  quarter,  1944) 


The  reliabilities  of  the  gun  camera  scores  appeared  to  be 
satisfactory.  For  waist  gunners,  an  estimated  .reliability  of  0.91 
for  scores  on  three  missions  was  obtained  by  use  of  the  Hoyt 
method.  For  turret  gunners  a  reliability  of  0.81  for  scores  on 
three  trials  was  obtained  by  computing  the  correlation  between 
trials  1  and  2  and  correcting  the  resulting  value  by  the  Spearman- 
Brown  formula. 

No  estimates  of  the  reliability  of  the  FEI  scores  are  available 
at  the  time  of  this  writing.  Representative  scores  and  standard 
deviations  are  given  in  table  9.51.  ■ 


Table  9.51. — Firing  error  indicator  scores :  Mean  percent  hits  (shoi\  passing  ‘ 
through  bullseye  area)  and  standard  deviations  for  missions  S,  4,  and  9 
combined,  Laredo,  fourth  quarter,  1944) 


Position 

N 

M  (percentage 
of  hits) 

SD 

Turret 

Waist . 

18 

IB 

5.95 

5.51 

t 

9.54 

8.85 

Only  the  data  from  missions  3,  4,  5,  and  9  were  at  all  usable, 
since  mechanical  difficulties  encountered  on  missions  1,  \  7,  8, 
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and  10  rendered  their  data  not  comparable  to  those  from  the 
other  missions.  ! 

Learning  apparently  did  take  place  on  the  FEI.  Table  9.52 
shows  a  trend,  with  variations,  toward  increasing  the  number  of 
hits  scored  on  successive  missions.  These  data  are  reproduced 
graphically  in  figure  9.28. 


Table  9.52 — Learning  on  the  firing  error  indicator:  Mean  number  of  hit* 
(shot*  passing  through  bullscyc  area )  made  from  turret  and  waist  position* 
on  each  of  10  missions  (N—  16,  Laredo,  fourth  quarter  19JU) 


Position 

1 

1  2 

3 

4 

6 

6 

7 

8 

» 

10 

Turret _ 

0.7 

2.8 

2.7 

2.1 

3.3 

3.5 

2.8 

10.2 

18.6 

'  9.6 

W»!st . . 

1.0 

2.0 

4,0 

3.4 

2.5 

11.5 

2.6 

13.0 

11.1 

14.6 

Conclusions.— Thus  it  appeared  that  the  use  of  the  FEI  under 
the  conditions  of  the  experiment  reported  contributed  nothing  to 
proficiency  as  here  measured. 

Miscellaneous  problems  of  the  FEI. — One  problem  complicating 
research  on  the  FEI  was  that  of  towing  the  target  in  a  pursuit  < 
curve  with  a  minimum  danger  of  shooting  down  the  towing  air¬ 
plane.  The  method  used  in  the  experiment  just  described  was 
very  delicate,  easy  to  invalidate,  and  required  that  the  sight 
reticles  be  altered  so  that  Position  Firing  rules  could  be  applied. 

At  the  close  of  work  on  the  project  a  satisfactory  solution  to  . 
this  problem  was  in  the  offing.  The  transmitter  was  mounted  on 
the  nose  of  a  small  glider  (wingspan  approximately  24  feet) 
which  was  towed  about  300  yards  behind  and  45  degrees  below 
a  B-26  tow  plane.  The  pilot  of  the  tow  plane,  by  maneuvering 
in  pursuit  curve  fashion  about  200  yards  higher  than  he  would 
if  he  were  attacking  the  firing  ship,  could  make  the  glider  approach 
the  bomber  in  the  desired  fashion.  Much  effort  had  to  be  ex¬ 
pended  in  learning  just  how  to  take  off  and  land  the  gliders 
without  crashing  them,  but  the  technique  proved  to  be  learnable 
to  a  fairly  satisfactory  degree. 

During  th.fi  conduct  of  the  experiment  just  reviewed,  other 
developments  in. the  FEI  were  taking  place  and  experimentation 
with  other  methods  of  using  the  device  was  under  way.  The 
aperiodic  system,  said  to  be  freer  from  extraneous  influence  and 
more  sensitive  and  accurate  than  the  resonant  diaphragm  system 
described  in  this  report,  had  been  brought  nearly  to  a  stage  of 
satisfactory  development.  .Plans  were  being  made,  but  never 
carried  out  due  to  the  ending  of  the  war,  to  evaluate  the  hew 
version  experimentally. 

Though  fraught  with  technical  difficulties  and  attendant  dis¬ 
couragement  throughout  its  history,  tht  Firing  Error  Indicator 
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was  known  to  be  theoretically  sound,  and  therefore  supported  the 
hopes  of  researchers  that  some  day  it  would  provide  the  answer 
to  the  long  quest  for  an  air  firing  situation  which  would  possess 
the  major  requirements  of  an  effective  learning  situation:  real-  * 
ism,  analytical  and  immediate  knowledge  of  results,  and  reliable 
scores.  •• 

*  •  *  •  '  .  .  j  , 

The  Frangible  Bullet  Trainer 

History  and  description. — Probably  the  most  expensive  and 
ingenious  attempt  to  attain  realistic  flexible  gunnery  training  was 
represented  By  the  Frangible  Bullet  Trainer.  The  idea  of  a  break¬ 
able  bullet  which  could  be  fired  at  armored  airplanes  as  part  of  a 
training  program  was  conceived  in  1942.  Through  the  eflergy 
and  enthusiasm  of  a  small  group  of  persons  the  trainer  approached 
a  stage  of  practical  utility  shortly  before  the  close  of  gunnery  ' 
training.  *  • 

During  the  course  of  the  frangible  bullet's  development  "a  variety 
of  materials  was  considered  for  possible  use  in  the  manufacture 
of  the  bullets.  The  principal  difficulty  encountered  was  to  find  * 
a  material  which  the  initial  shock  of  explosion  would  not  rupture 
and  which  at  the  same  time  would  not  penetrate  the  armor  of  the . 
target  plane.  With  the  help  of  the  Department  of  Chemistry  at 
Duke  University,  the  Bakelite  Corporation  developed  a  satisfac¬ 
tory  caliber  .30  bullet  made  of  .powdered  lead  held  together  by  a 
plastic  base.  The  Bell  Aircraft  Company  produced  a  large  , 
quantity  of  a  special  armored  version  of  the  P-63  airplane  for 
use  in  frangible  bullet  training.  -  ’ 

In  addition  to  being  heavily  armored  for  the  protection  of  the 
pilots  and  vital  working  parts,  the  target  planes  contained  shock- 
activated  pickups' located  just  beneath  the  .armor  plate  at  various 
points ;  “each  time  the  plane  was  struck,  the  pickup  nearest  the 
point  of  impact  was  activated  and  a  mechanical  counter  in  the 
cockpit  recorded  a  hit.  At  the  same  time  a  light  in  the  nose  of 
the  plane  flashed  on,  telling  the  gunner  that  he  had  scored  a  hit. 
This  description  of  the  counter  and  light  system  is  rather  ideal¬ 
ized  ;  in  actual  practice  its  functioning  left  much  to  be  desired. 

The  policy  of  the  Research  Division  with  respect  to  new  trainers 
called  for  evaluation  in  terms  of  learning,  reliability  of  scores, 
and  transfer  of  training  before  full  rcale  adoption  of  the  devices 
into  the  training  program.  In  the  rccond  quarter  of  1945  the 
Frangible  Bullet  Trainer  appeared  to  be  ready  for  such  evaluation. 
A  series  of  controlled  flights  was  planned  to  derive  scores  under 
conditions  as  nearly  constant  as  possil  *.  The  purpose  was  to 
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obtain  information  regarding  the  course  of  learning  with  the 
Trainer  and  the  reliability  of  scores  derived.*4 
Procedure.— Sixteen  untrained  gunners  were  selected  at  ran¬ 
dom  from  the  pool  of  students  at  Laredo  awaiting  entry  in  the 
basic  gunnery  course.  The  subjects  were  separated  into  four 
crews  of  four  men  each;  each  crew  was  assigned  to  1  of  2  YB-40 
bombers  and  did  not  change  bombers  throughout  the  experiment 
Each  gunner  flew  18  missions  firing  at  8  attacks  per  mission  from 
the  Martin  turret  which  was  equipped  with  a  K-15  computing 
sight  specially  modified  to  account  for  the  ballistic  characteristics 
of  the  frangible  bullet.  During  each  attack  each  subject  fired 
approximately  76  rounds ;  the  instructor  announced  to  the  subject 
the  jranges  for  opening  and  ceasing  fire,  600  and  200:  yards 
respectively.  All  firing  was  conducted  at  an  altitude  ranging 
from  7,000  to  9,000  feet  with  the  bomber  flying  at  an  indicated 
air  speed  of  160  m.p.h.  It  was  originally  planned  to  fly  a  crew 
at  least  every  other  day,  and  every  day  if  possible;  neither  of 
these  objectives  was  possible,  and  in  some  instances  as  much  as 
a  week  elapsed  between  missions  due  to  maintenance  difficulties 
and  inclement  weather.  The  experiment  extended  over  12  weeks, 
and  was  attended  by  loss  in  motivation  and  lowering  of  morale 
of  the  subjects.  ’  .  ‘  '  5 

Results. — The  results  of  the  experiment  are  summarized  in 
table  9.53  and  figure  9.27.  It  is  seen  that  there  was  evidence  of 
a  small  amount  of  improvement  during  the  course  of  the  18  mis¬ 
sions,  most  of  which  appears  to  have  occurred  during  the  first  9 
trials.  The  number  of  hits  made  on  the  target  planes  remained 
low  throughout  the  experiment;  a  total  of  167,853  rounds  was 
fired  and  3,1.41  hits  obtained,  or  1.87  percent.  The  highest  per¬ 
centage  obtained  by  the  total  group  on  a  single  mission  was  3.38, 
and  the  highest  for  an  individual  gunner  was  10. 

The  reliability  of  scores  obtained  was  not  encouraging.  The 
Hoyt  estimate  of  the  reliability  of  indicated  hit  scores  for  the 
total  of  18  missions  was  0.59,  and  the  average  of  Hoyt  celiabilities 
for  single  trials  was  0.07.  The  Hoyt  estimate  of  reliability  of 
scores,  in  terms  of  the  number  of  times  the  light  in  the  nose  of 
the  target  plane  flashed,  was  0.52  for  the  18  trials  combined,  end . 
averaged  0.06  for  single  trials.  A  product-moment  correlation 
of  0.83  was  obtained  between  indicated  hit  scores  and  light  scores; 
if  the  counter-and-Iight  system  in  the  target  planes  had  been 
working  perfectly  this  correlation  should  have  been  1.00.  It  thus 
appeared  inadvisable  to  use  frangible  bullet  scores  to  make  com- 
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parisons  among  gunners  regarding  their  ability  to  secure  hits  on 
the  target  planes. 

Conclusions. — Since  there  was  no  evaluation  of  frangible  bullet 
training  against  a  criterion  of  gunnery  performance,  it  is,  of 
course,  impossible  to  speak  with  assurance  of  the  value  of  the  • 
trainer  as  a  contributor  to  gunnery  proficiency.  However,  if 
scores  had  been  sufficiently  reliable  the  Frangible  Bullet  Trainer 
might  have  been  considered  by  itself  an  adequate  criterion  of 
gunnery  proficiency.  It  was  clear  that  the  trainer  suffered  from 
the  same  difficulty  as  the  gun  camera;  namely,  its  lack  of  effi¬ 
ciency  :  during  the  entire  experiment,  each  gunner  received  a  total 
of  about  24  minutes  of  sighting  practice.  Although  training  did 
provide  immediate  knowledge  of  results  in  terms  of  hits,  vs.  no¬ 
hits,  it  did  not  provide  information  as  to  the  direction  or  magni¬ 
tude  of  sighting;  errors,  which  made  coaching  of  students  difficult 
It  may  be  said,  however,  that,  within  limits,  the  Frangible  Bullet 
Trainer  ensured  high  motivation  on  the  part  of  students,  and 
offered  a  possibility  for  familiarizing  students  with  the  various 
types  of  tactics  in  use  by  the  enemy  and  with  ways  of  cqmbatting 

them..  •  >  * »  '  • 

‘  .  -  t  .  *  1  >  ‘ 

MISCELLANY 

* 

Special  Visual  Training  Experiment  .. 

Mr.  Hoyt  L.  Sherman,  of  the  Fine  Arts  Department  of  Ohio  * 
State  University,  had  conducted  some  visual  training  for  the 
Navy,  on  the  basis  of  which  he  claimed  to  be  able  to  improve,  the 
acuity  of  peripheral  vision  and  the  ability  to  perceive  relationships 
among  the  components  of  a  whole  visual  situation.  Several 
interviews  with  War  Department  officials  convinced  them  that 
Mr.  Sherman’s  training  method  had  implications  of  possible  value 
for  training  in  recognition  of  aircraft,  in  scanning  and  observing, 
and  in  aiming.  The  Buckingham  gunnery  school  was  selected  as 
the  site  for  testing  Mr.  Sherman’s  proposal. 

Description.— For  purposes  of  clarification,  the  visual  training 
program  as  prescribed  by  Mr.  Sherman  will  be  described  here, 
and  not  repeated  in  the  description  of  the  experiment.  The 
training  was  conducted  in  a  large  room  approximately  60  by  40 
feet  in  size,  equipped  with  a  12  foot  X  12  foot  projection  screen, 
u  slide  lantern  with  a  high  speed  shutter  attachment,  drawing 
stands  for  20  subjects,  and  a  phonograph.  Each  subject  was 
provided  with  a  supply  of  large  sze  drawing  paper  and  heavy 
black  drawing  chalk.  The  subjects  were  required  to  reproduce 
quickly  the  forms  and  patterns  which  were  flashed  on  the  screen 
at  exposures  of  about  1/20  of  a  second.  The.  forms  were  non- 
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geometric  and  varied  in  difficulty  of  reproduction,  embodying 
changes  in  size,  brightness,  number  of  elements,  and  plane  of 
projection.  The  students  wore  masks  which  allowed  them  to  see 
the  screen  but  which  prevented  them  from  looking  down  at  their 
work.  As  the  training  progressed  the  subjects  were  moved  closer 
to  the  screen,  thus  increasing  the  angle  of  vision  required.  Phon¬ 
ograph  music  wa3  used  to  encourage  the  subjects  to  relax  and 
draw  more  freely.  Twenty-four  sessions  of  approximately  30 
minutes  each  were  given  tc  the  training.  'The  subjects  were 
divided  into  4  sections  of  20  men  each  and  took  the  training  at 
night  in  addition  to  the  regular  training  course. 

Briefly,  it  was  Mr.  Sherman’s  thesis  that  his  training  would 
enable  the  gunner  better  to  do  two  things:  first,  to  perceive  each 
detail  of  his  visual  field  in  accurate  relationship  to  all  other  de¬ 
tails,  and  to  do  this. very  rapidly  and  automatically;  second,  to 
see  apparent  motion  and  determine  apparent  position  of  planes 
in  his  visual  field  without  the  need  for  moving  his  eyes.  Mr. 
Sherman  contended  that  apparent  motion  would  be  most  “suc¬ 
cessfully  sensed”  without  eye  movement,  via  the  retinal  path  of 
the  target’s  projection,  and  that  the  sight  field  must  be  held  steady 
in  order  to  “sense  the  target’s  tracking  pattern.”  . 

Experimental  evaluation. — The  experiment35  conducted  to  test 
Mr.  Sherman’s  training  method  utilized  three  groups  of  subjects. 
A  drawing  group,  which  received  the  training  as  described  above,  ■ 

Tabus  9.53. — Learning  on  the  frangible  bullet  trainer:  Rounds  fired,  indi¬ 
cated  hits,  and  percent  indicated  hits  made  by  each  of  \  crews  of  i  me* 
each,  and  by  the  total  group  of  16  subjects  on  each  of  18  missions,  using 
K-16  sight  (Laredo,  third  quarter,  19, iS)  1 


MISSIONS 

* 

1 

2 

3 

4 

5 

0 

T 

8  . 

9 

CREW  X* 

Rounds  fired - 

2,235 

2,340 

2,145 

2,330 

2,375 

2,322 

2,234 

* 

2,400 

> 

2.389 

Indicated  hits - 

9 

7 

18 

14 

33 

26 

61 

14 

112 

Percent  Indicated  hits — 

0.40 

0.30 

0.84 

0.60 

1.39 

1.12 

2.73 

0.68 

4.76 

CRSW  B' 

Rounds  fired - 

2.400 

2,115 

?.255 

2,257 

2,241 

2,368 

2,320 

2,400 

2,043 

Indicated  hits - 

9 

14 

31 

33 

29 

67 

44 

69 

102 

Percent  Indicated  hits — 

.38 

.68 

1.37 

1.46 

1.29 

2.41 

1.90 

2.88 

4.9* 

CRSW  C » 

Rounds  fired - 

2,245 

2,373 

2,300 

2,380 

2,400 

2,372 

2,345 

2,400 

2.3«| 

Indicated  hits - 

17 

22 

7 

25 

32 

12 

57 

26 

*7 

Percent  Indicated  hits — 

..78 

.93 

.30 

1.05 

1.33 

.51 

2.43 

1.08 

1.57 

CREW  D » 

Rounds  fired - 

2,345 

2,370 

2,385 

2,375 

2,338 

2,400 

2.370 

2,365 

2.828 

Indicated  hits _ — 

6 

28 

18 

29 

25 

46 

44 

44 

6$ 

Percent  Indicated  hits — 

.21 

1.10 

.75 

1.22 

1.07 

1.92 

1.86 

1.86 

2.41 

TOTAL  GROUP* 
Rounds  fired... _ _ _ . 

0,225 

0.200' 

9.085 

t'  342 

9,354 

9.462 

9,269 

9,565 

*•22? 

Indicated  hits _ _ 

40 

■09 

74 

101 

113 

141 

206 

153 

307 

Percent  Indicated  hits — 

.43 

.75 

.82 

1.08 

1.27  1  1.49 

2.22 

1.60 

3.33 

*  Project  officer  in  thi*  experiment  «i  Capt  -lason  Halre,  Assisted  bjr  Capt.  Theodors 
K.  valUnce  and  S«t  Rudolph  Goo/ man. 


246 


Table  9.53.— (Continued)  , 


MISSION* 


10 

11 

12 

13 

14 

1(4 

16 

17 

18  ‘ 

CRBW  A* 

flr«l . 

2,182 

131 

2,380 

06 

2,319 

81 

2,400 

51 

2,400 

39 

2,400 

45 

2,400 

38 

2,845 

32 

2.890 

65 

Indicated  hlta _ _ _ 

Percent  Indicated  hlti _ 

nnxw  iti 

6.00 

2.77 

3.49 

2.13 

1.63 

1.88 

1.58 

1.86 

2.72 

Rounds  fired - - 

2.270 

2,255 

2,270 

2,255 

2,400 

2,305 

2,375 

2,400 

.2,365 

Indicated  hits - - 

33 

36- 

41 

53 

37 

76 

70 

68 

40 

Percent  Indicated  hits _ 

CRBW  C* 

Rounds  fired - 

1.45 

1.60 

1.81 

2.35 

1.54 

3.30 

2.95 

2.83 

1.69 

2,337 

2,400 

2,400 

2-, 240 

2,370 

2,390 

2,360 

2,330 

2,340 

Indicated  hits - 

25 

35 

34 

66 

54 

64 

.  43 

76 

36 

Percent  Indicated  hits _ 

CRBW  D* 

1.07 

1.46 

1.42 

2.95 

2.28 

2.68 

1.62. 

3.26 

1.54 

Rnnnil*  . 

2.255 

54 

2,310 

34 

2,354 

42 

2,277 

32 

2,375 

55 

2,368 

79 

2,380  < 
71 

2,348 

98 

2,320 

81 

Indicated  hits _ 

Percent  Indicated  hits _ 

TOTAL  CROUP * 

2.39 

1.47 

1.78 

1.41 

2.32 

3.34 

2.98 

4.17 

1.34 

Rounds  fired 

9,044 

9.343 

9,343 

9,172 

0,545 

9.463 

9,515 

9.423 

9.415 

Indicated  hits - 

243 

171 

198 

202 

185 

264 

222 

274 

172 

Percent  Indicated  hits _ 

2.69 

1.83 

2.12 

2.20 

1.94 

2.79 

233 

2.91 

1.83 

*  Crew  N'a  =  4. 

*  Total  group  N  =  16.  ■ 


was  composed  initially  of  80  gunnery  students  from  class  43-42 ' 
at  Buckingham.  An  observation  group,  consisted  of  40  members 
of  the  same  class;  its  members  attended  all  of  the  visual  training 
classes,  heard  all  the  instructions  and  saw  the  material  flashed 
on  the  screen,  but  did  not  participate  in  the  drawing.  A  second 
control  group  was  composed  of  40  additional  students  from  the 
class  who  were  given  the  pretests  and  the  posttests  on  the  selected 
criteria  only,  and  neither  saw  nor  participated  in  the  visual  train¬ 
ing.  Members  of  all  three  groups  were  selected  at  random.. 

All  subjects  were  pretested  and  posttested  on  five  criteria  as 
follows;  •  ■ 

1.  Skeet  shooting.  This  test  consisted  of  25  shots  at  the  high-' 

'  house  bird  from  station  No.  5  on  a  normal  skeet  range.  No  firing 
instruction  was  given  the  subjects  except  “You  must  shoot  in 
front  .of  the  bird  in  order  to  hit;”  all  wore  instructed  in  how  to 
hold  a  shotgun  and  in  safety  precautions.  Approximately  10 
men  fired  on  each  range,  with  each  man  firing  5  shots  and  then 
going  to  the  end  of  the  line  to  await  his  turn  to  fire  again  until 
he  had  fired  25  shot3.  Scores  were  kept  by  gunnery  school  in¬ 
structors  ;  no  score  was  marked  if  a  man  failed  to  fire. 

2.  Turret  towers.  Each  subject  fired  at  20  clay  birds  thrown 
from  a  trap  mounted  atop  a  40  foot  tower  situated  about  50 
yards  in  front  of  him.  The  gunner  fired  from  an  electrically 
operated  training  turret  (Crocker-V/heeler)  .on  which  was 
mounted  a  12  gauge  shotgun.  Instruct'  :n  was  given  just  as  to 
regular  gunnery  students  and  scoring  was  done  by  the  instructors 
assigned  to  the  range.  v 
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3.  Jam-Handy  (E-14)  Trainer.  On  this  motion  picture  pro¬ 

jection  type  of  trainer  each  subject  fired  at  16  attacks  on  a  film 
which  showed  beam,  quarter,’  and  tail-cone  attacks.  Each  subject 
wore  Polaroid  glasses  so  that  he  could  not  see  the  projected  proper 
point  of  aim  on  the  screen.  No  instruction  was  given  in  leading 
or  tracking  the  target  picture.  Scoring  was  done  in  the  usual 
manner  by  instructors  regularly  assigned  to  the  trainer.  The 
test  film  used  in  the  pretest  deteriorated  during  the  course  of  the 
experiment  and  had  to  be  replaced  by  a  slightly  different  one  for 
the  posttest.  * 

4.  Speed  of  identification  test.  This  was  a.  printed  test  which 

formed  Fart  VI  of  the  aptitude  test  for  aerial  gunners  (AC30A). 
The  problem  for  each  item  was  to  select  from  a  group  of  five  plane 
silhouettes  in  one  column  the  one  which  best  matched  the  standard 
given  in  another  column.  The  test  had  48  such  items  and  a  time 
limit  of  4  minutes.  •  -  • 

5.  Plane  formation  test.  This  was  a  motion  picture  test  de¬ 
veloped  for  the  aviation  cadet  selection  and  classification  program. 
A  grid  of  25  squares  was  flashed  briefly  on  a  motion  picture 
screen  with  5  airplane  silhouettes  placed  in  various  positions  on 
the  grid.  The  subject  was  to  reproduce  the  locations  of  the  planes 
by  marks  on  a  similar  grid  printed  on  his  answer  sheet. 

The  pretests  were  administered  just  prior  to  the  entry  of  the 
students  into  gunnery  school.  The  visual  training  ran  from  8 
September  to  10  October  1943.  Posttests  were  administered  to 
all  subjects  on  completion  of  the  training. 

Results , — Table  9.64  summarizes  the  order  of  improvement 
from  pretest  to  post-test  made  by  each  group  and  presents  other 
pertinent  data;  • 

'  On  three  of  the  tests,  statistically  significant  differences  were 
found  between  groups:  On  Jam-Handy  the  drawing  and  control 
groups  were  significantly  better  than  the  observation  group.  On 
turret  tower  the  observation  group  was  significantly  better  than 
the  drawing  group.  On  speed  of  identification,  the  control  group 
was  significantly  better  than  the  drawing  group.  On  the  other 
tests  no  significant  differences  appeared.  Table  9.55  presents  all 
the  data  of  the  experiment  ’ 

In  addition  to  the  five  criteria  mentioned  above,  the  scoroc 
made  by  all  three  groups  in  the  aircraft  recognition  course  in  the 
gunnery  school  were  obtained  and  studied.  There  were  no  re¬ 
liable  differences  between  any  of  the  groups  at  the  end  of  the 
course.  '  • 

Conclusion. — On  the  basis  of  the  results  of  this  experiment,  it 
was  concluded  that  Mr.  Sherman’s  visual  training  would  not 
significantly  influence  performance  on  the  criteria  of  gunnery 
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achievement  selected  for  the  experiment.  While  the  training  - 
may  have. had  value  in  developing  drawing  skill,  it  did  not  seem 

to  be  of  practical  value  in  increasing  gunnery  proficiency. 

•  * 

Aircraft  Recognition 

Description  of  training . — Training  in  aircraft  recognition  in  the 
flexible  gunnery  program  was  conducted  according  to  the  “flash” 
or  “Renshaw”  method  as  used  generally  throughout  the  Army  Air 
Forces.  The  training  utilized  a  small  slide  projector  having  a 
variable-speed  shutter,  which  was  situated  approximately  10 
feet  from  a  screen  measuring  about  3  feet  by  4  feet.  Typically 
the  training  procedure  included  an  introductory  long  exposure 
during  which  the  instructor  pointed  out  the  distinctive  features  of 
each  plane.  Subsequent  exposures  varied  from  1/5  second  to 
1/50  second  as  practice  progressed;  the  instructor  named  each 
plane  immediately  after  exposure.  In  testing  situations  students 
wrote  the  name  of  the  plane  after  each  exposure  on  an  answer 
sheet  and  at  the  end  of  the  period  the  instructor  gave  the  correct 
answer  after  students  had  exchanged  papers.  '  •  v 

One  of  the  techniques  used  in  the  system  was  the  showing  of 
slides  picturing  from  4  to  10  digits  and  slides  showing  groups 
of  from  3  to  30  objects,  which  were  presented  at  increasingly 
rapid  exposure  speeds.  It  was  the  contention  of  the  originators 
of  the  system  that  practice  in  reproducing  the  digits  and  observ¬ 
ing  the  number  of  “counters”  would  increase  the  general  efficiency 
of  perception,  widen  the  angle  of  vision,  and  greatly  increase  the 
ability  of  students  to  recognize  airplanes  seen  for  only  Very  small 
fractions  of  a  second. .  •  ./•  *v 

The  digit  and  counter  training  has  been  evaluated  at  the 
Psychological  Test  Film  Unit  and  found  to  improve  considerably 
the  students’  ability  to  reproduce  digits  and  estimate  the  number 
of  objects  presented,  but  to  have  no  value  as  an  aid  in  the 
accurate  recognition  of  aircraft  as  measured  by  a  slide  test  and 
a  motion  picture  test  of  aircraft  recognition.3*  ’ 

Influence  of  seating  on  test  performance, — Not  a  great  deal  of 
work  was  done  by  the  gunnery  psychologists  in  the  aircraft  rec¬ 
ognition  field,  particularly  after  the  Psychological  Test  Film  Unit 
began  to  devote  a  large  proportion  of  its  facilities  to  it, 
study,37  however,  was  made  of  the  relationship  between  a  gunner's 
location  in  the  classroom  and  his  performance  in  tests  of  aircraft 
recognition.  To  find  answers  to  this  problem,  examination  scores 
of  five  flights  of  basic  gunnery  st-; -tents  were  examined.  The 


"For  further  details  In  this  study  sco  report  No.  7- Ik  this  series. 

17  This  study  was  conducted  and  reported  by  Sgt.  A”dle  Lubln,  under  direction  of  Mai. 
Itogcr  W.  Russell. 
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Tails  9.54. — A  summary  of  results  in  the  visual  training  experiment:  Order 
of  improvement  of  groups,  and  statement  of  the  significance  of  differences 
obtained1  ( Buckingham,  September  19-13) 


‘  Tut 

Pearson 

v,  pu- 
•»d  post- 
IhU 

R»W 

gain,  pre- 
to  peat* 
tut* 

Order  of 
Improvement 

Significance  of  Improvement 
difference* 

Jam-Handy - 

O.lfi 

—32.3 

1.  Drawing _ 

>  ?,  Centre! _ 

Observation  algnlficantly  lower 
than  drawing,  but  drawing  not 
algnlficantly  better  than  con¬ 
trol. 

- 

/ 

3.  Observation— 

TSirn* 

.It 

4.7 

1.  Observation.. 

Observation  significantly  better 

To  war*  -  -  ... 

2.  Drawing _ 

than  drawing! 

1  Control  _  . 

Plene 

.68 

4.3 

1.  Observation. 

No  significant  difference*. 

2.  Control 

8.  Drawing - 

; 

SkML  -  .  _ 

.06 

3.3 

1.  Control - 

No  algnlflcent  difference*. 

Shooting 

Observation.. 

3.  Drawing - 

Spud  of  Idea  till- 

rattan  _ 

.63 

3.5 

1.  Control— _ 

2.  Observation— 

AU  differences  significant. 

8.  Drawing - 

. 

1 All  means  on  the  Anal  teats  mrt  adjusted  for  differences  in  the  Initial  ability  of  the 
croup.  The  relation  of  the  Initial  to  the  final  scores  was  determined  and  all  groups  re¬ 
ceived  corrections  In  the  final  means  according  to  their  deviations  from,  their  Initial  general 
mean  baaed  on  all  three  groups.  In  calculating  the  gain  made  by  each  group,  the  adjusted 
final  mean  eras  compared  with  the  Initial  general  mean  rather  than  the  Initial  mean  for 
each  group.  ... 
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test  consisted  of  SO  slides.  The  scores  were  identified  according  ! 
to  the  locations  of  the  students’  seats  in  a  room  of  80  seats,  and  ! 
divided  into  4  groups  of  2  columns  (from  front'  to  rear)  each,  and 
into  5  groups  of  2  rows  each.  The  groups  are  referred  to  as 
Column  Group  A,  B,  C,  and  D,  and  Row  Group  A,  B,  C,  D,  and  EL 

The  approximate  average  distance  of  each  row  group  from  the  . 
screen  is  given  in  table  9.66  together  with  mean  scores  made  on 
the  test. 

The  following  statistical  analysis  summarized  the  findings. 
Using  the  method  of  analysis  of  variance  into  fo^r  components,  , 
the  results  are  shown  in  table  9.57.  The  row  X  column  variance 
turned  out  to  be  larger  than  the  error  variance..  Howev-r.  the  : 
ratio  (F)  between  these  variances  was  1.82.  For  12  and  60 
degrees  of  freedom  an  F  value  of  1.92  was  required  for  significant  , 
at  the  5  percent  level.  Hence  the  interaction  was  not  significantly 
larger  than  would  be  expected  to  occur  by  chance  in  a  homo¬ 
geneous  population,  and  the  interaction  of  columns  upon  rows 
was  not  significant.  Since  the  column  variance  was  less  than 
the  error  variance,  it  appeared  that  the  position  in  the  row  (i.e., 
the  column  in  which  a  student  sat)  had  no  significant  effect  upon 
the  scores.  ' 

However,  the  ratio  between  row  variance  and  error  variance 
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'Table  9  56. — Mtan  scores  made  on  final  te»t  in  aircraft  recognition  courte  ac¬ 
cording  to  mean  distance  from  screen  of  subjects  in  each  row '  group  (Buck¬ 
ingham,  December  1943) 


Row-frouo 

Mean  distinct 
(f*et) 

Mean  soots 

A  .  ,  ~'t  —  ..arum  n  -  - - 

12 

20.44 

p  v  ,  ,  ,  ,  *  ... .  „  _  - 

18 

19.68 

r.  .  '  _  _ _ _ _  _ 

24 

18.S6 

17.60 

19.31 

p  _  n  -  _ _  _ 

30 

k  _ 

38 

»  Each  croup  consist*  of  two  row*  of  student*. 


was  9.08.  The  row  variance  was  significantly  larger  than  would  | 
occur  by  chance  in  a  homogeneous  population. 

Thus  it  appeared  that  while  distance  from  the  center  of  the 
room  had  no  measurable  effect  on  ability  to  recognize  aircraft 
presented  in  the  course  test  situation,  the  absolute  distance  from 
the  screen  (which  was  determined  mostly  by  the  row  in  which 
one  sat)  noticeably  influenced  performance.  These  findings  are 
not  necessarily  at  variance  with  those  of  the  Test  Film  Unit's  ; 
study,  which  reported  no  significant  differences  between  the  ; 
2  groups  situated  at  average  distances  of  13  Vz  and  26*4  feet  from  f 
the  screen.  In  the  study  just  reviewed  Row  Groups  A  and  D  j 
averaged  18  feet  apart,  and  the  test  pictures  appeared  for  only  a  j 
fraction  of  a  second  instead  of  for  the  much  longer  time  allowed  ■ 
in  the  motion  picture  test  used  as  a  criterion  in  the  Santa  Ana  1 
study.  ’  .  - : 

•  •  '  *  ,  -  •  *  i  * 

Table  SJH.— Analysis  of  variance  of  scores  on  aircraft  recognition  teet;  400  • 

teet  scores  analyzed  for  influence  of  poeition  in  classroom  containing  SO  J 
seats,  (Buckingham,  December  1943 )  •  ,  * 


.  .  .  Source  of  variation 

df 

Cum  of  square* 

Yarianc* 

4 

172.93 

11.44 

ICC  87 
>* 

1 43.23 
3.81 
•8.65 

Column* _  „ _ ...  _ , 

*3 

Interaction.  ..  . . . 

12 

60 

79 

-  Total  .  _  ..  _  _ 

5?4l6c^ 

1  The  F-ratlo  of  row*  to  error  varlsnco  is  9.08,  *  value  which  would  be  expt'v'd  by  ■ 
chance  less  than  1  time  In  100. 

•The  F-ratlo  of  interaction  to  error  variance  is  1.82,  a  value  which  would  be  expectew  'ey 
chance  more  than  5  time*  in  100.  . 

Close-up  views  as  training  for  long  range  recognition,— The 
problem  of  the  transfer  from  practice  on  the  close-up  views  ordi¬ 
narily  used  in  the  flash  system  for  recognition  of  airplanes  at 
combat  ranges  received  some  attention  at  Buckingham.  Because 
of  the  virtual  impossibility  of  reproducing  photographically,  all 
the  conditions  of  the  perception  of  distance,  no  satisfactory  slides 
were  ever  produced  for  direct  training  in  the  recognition  of  air¬ 
planes  at  the  ranges  r.t  which  they  would  ordinarily  be  viewed  in 
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flight.  Mere  reduction  of  the  image  oh  the  screen  and  of  retinal 
image  size  have  been  shown  to  be  thoroughly  inadequate,  the 
size  constancy  phenomenon  operating  to  stabilize  apparent  dis¬ 
tances  despite  reductions  in  retinal  image  size  brought  about  by 
moving  the  viewer  farther  from  the  screen. 

At  Buckingham  an  attempt  was  made  to  produce  some  slides 
to  simulate  300  yard  ranges.  A  ring  representing  a  70  mil  sight 
reticle  was  included  in  proper  proportion  to  a  small  picture  of  the 
airplane  concerned,  which  appeared  to  observers  to  reduce  the 
influence  of  the  size  constancy  phenomenon  to  some  extent  A 
complete  set  of  these  slides  was  made  and  used  as  part  of  an 
experimental  curriculum  evaluated  in  a  study  conducted  in  Janu¬ 
ary  1944.*8 

Experimental  procedure. — On  the  basis  of  a  pretest  composed 
of  1  close-up  and  1  simulated  300  yard  view  of  each  of  26  aircraft, 
240  basic  gunnery  students  were  divided  into  2  equal  groups. 
After  each  plane  was  introduced  to  the  experimental  group,  7 
close-up  flash  views  were  shown,  followed  by  7  of  the  300  yard 
views.  The  control  group  was  given  14  close-up  views  of  each 
plane.  The  20th  hour  of  the  course  was  devoted  to  a  post-test, 
using,  for  each  of  the  26  planes  covered  in  the  course,  2  views  de¬ 
signed  (by  the  AAF  Training  Aids  Division)  to  simulate  a  range 
of  1,000  yards  for  viewers  seated  15  feet  from  the  screen. 

Results. — Variations  from  'die  experimental  design  required  the 
elimination  of  data  on  10  planes  on  which  the  number  of  training 
views  at  300  yards  did  not  exactly  equal  the  number  of  close-up 
training  views.  The  post-test  data  were  for  32  items  (16  planes) ; 
The  results,  reported  in  table  9.58  in  terms  of  correct  recogni¬ 
tions,  show  that  no  transfer  from  practice  on  the  300  yard  views 
to  recognition  of  the  1,000  yard  views  was  realized.  The  results, 
wMle  showing  no  difference  between  the  post-test  means  of  the 
two  groups,  do  indicate  a  difference  in  variability  significant  at 
!  the  2  percent  level. 

Reliability. — Though  no  data  are  available  on  the  reliability  of 
scores  on  the  tests  ordinarily  given  in  gunnery  schools,  it  seems 
fair  to  assume  that  satisfactory  reliability  could  be  obtained  if 
test  papers  were  properly  scored.  It  is  unlikely  that  the  method 
of  exchanging  papers  among  fellow  students  for  grading  pur¬ 
poses  made  for  high  reliability  of  test  scores. 

Learning  in  aircraft  recognition.— Learning  is  known  to  have 
been  obtained  in  the  aircraft  recognition  course  as  given  in  gun¬ 
nery  schools.  After  a  10-hour  course  a  mean  proficiency  of  40 

**Tho  project  officer  In  this  study  was  Capt  Theodore  R.  Vallance,  assisted  by  Cpl.  Walter 
Cohen,  who  made  the  statistical  analysis. 


Tails  9.58, — Transfer  of  training  from  eloteup  to  dittani  views  in  aircraft 
recognition:  Prefect  and  post-test  meant,  standard  deviation,  diffsrences 
and  critical  ratiot  (Buckingham,  January  18 U) 


*  Correct  response#  out  oS  51.  ...  ..  .  .  .  - 

*  A  critical  ratio  a*  great  a*  that  obtained  would  bo  expected  to  arlao  b j  chance  nor*  thaa 

8  ^A^rlUcaWatlo  aa  great  at  that  obtained  would  be  expected  to  srlse  by  chance  between 
1  and  K  times  In  100.  •  _  . 


percent  correct  recognitions  on  a  standardized  test  of  46  slides 
was  attained.**  The  data  were  obtained  from  a  study  of  classes 
44-39  and  44-37  of  the  basic  gunnery  course  at  Laredo.  The 
recognition  course  was  divided  into  three  parts:  Part  1,  inline 
engine  planes  studied  for  the  first  3. Lours;  Part  2,  radial  engine 
planes,  studied  the  4th,  5th  and  6th  hours ;  and  Part  3,  twin-engine 
planes,  studied  the  7th,  8th,  and  9th  hours.  The  10th  hour  was 
devoted  to  the  final  test.  Class  44-37  was  divided  into  3  groups 
of  approximately  40  men  each;  one  group  took  the  standardised 
test  at  the  end  of  Part  1  of  the  course,  another  group  took  the 
same  test  at  the  end  of  Part  2,  and  the  third  group  took  the  test 
at  the  end  of  Part  3.  The  test  consisted  of  46  slides,  15  showing 
inline,  16  showing  radial,  and  15  showing  twin-engine  planes. 
Of  the  total  of  27  planes  studied  in  the  course,  the  test  included  19 
planes  represented  by  2  slides  each  and  8  by  1  slide.  The  results 
of  the  tests  are  shown  in  table  9.59.  „ 

Table  9.59.— Learning  in  'aircraft  recognition:  Mean  percent  of  correct  re- 
.  epontet  in  recognition  of  aircraft  at  beginning  and  at  various  stages 
throughout  the  course;  data  are  subdivided  according  to  type  of  plane,  and 
for  total  test  ( Laredo ,  third  quarter,  19JH) 


T«»t  number 

Inline 

engines 

Radial 

engines 

Twin 

engines 

Entire 

test 

Pretest  (Class  44-39) 

23 

13 

1ft 

s  - 

20 

1.  Group  1  (Class  44-37) 

38 

20 

20 

21 

3.  Group  2  (Class  44-37) 

34 

41 

20 

32 

3.  Group  S  (Class  44-37) 

55  < 

44 

44 

40 

1 

I' 

•The  project  officer  for  tbli  study  was  CipCLee  0.  Gtrber,  assisted  by  S/Sgt  Burton  *. 
Wolln. 


254 


.  '  SUMMARY  . 

Bather  than  attempt  to  provide  a  resume  of  the  work  described 
in  this  chapter,  a  table  ha3  been  prepared  which  presents  in  sum¬ 
mary  form  an  evaluation  of  the  devices  and  procedures  covered 
in  the  chapter,  and  which  also  represents  an  attempt  to  compare 
the  procedures  with  one  another.  The  limitations  of  the  methods 
used  to  evaluate  and  compare  the  various  training  methods  are 
recognized  by  the  writers,  and  the  table  in  no  way  purports  to 
provide  definitive  and  unqualified  information.  The  details  of 
the  derivation  of  the  information  used  as  a  basis  for  the  ratings 
may  be  found  in  the  appropria^  sections  of  the  chapter  and  ref¬ 
erence  to  them  should  help  to  amplify  and  clarify  the  information 
in  table  9.60. 

»  * 

The  rationale  of  the  comparisons  and  evaluations  is  as  follows: 

First,  training  must  have  validity.  Practice  in  training  must 
improve  skill  in  the  task  for  which  training  is  given.  The  value 
of  a  trainer  in  doing  thi3  job  may  be  estimated  in  accordance  with 
-  the  following  principles. 

1.  Training  should  transfer  to  some  measurable  criterion  of 
the  skill  which  is  the  goal  of  training. 

2.  Learning  must  occur  in  training  in  order  that  transfer  to  a. 

criterion  be  realized.  •>  >  ■ 

3.  Training  should  have  realism — it  should  resemble  the  skill 
which  is  the  goal  of  training;  in  general,  the  closer  the  resem¬ 
blance,  the  greater  will  be  the  validity  of  training. 

Second,  training  should  have  efficiency.  Practice  in  training  * 
should  produce  measurable  results,  and  should  do  so  with  a  mini¬ 
mum  expenditure  of  time  and  effort.  In  order  for  training  to  be 
efficient  the  following  conditions  should  obtain: 

1.  Training  should  yield  reliable  scores  representing  students* 
performance;  such  scores  should  not  be  influenced  by  weather, 
power  supply,  or  other  conditions  aside  from  the  ability  of  the  * 
student. 

2.  Practice  should  yield  analytical  scores,  revealing  the  ability 
of  the  student  to  perform  the  component  parts  of  the  training 
task;  component  scores  are  necessary  for  effective  coaching. 

3.  Training  should  provide  for  the  fixation  of  successful  prac¬ 
tice  by  way  of  immediate  and  constant  knowledge  of  the  correct¬ 
ness  of  practice. 

Third,  training  should  be  administratively  practical.  In  order 
for  training  to  be  administratively  practical,  the  following  condi¬ 
tions  must  obtain: 

1.  Training  should  be  economical— it  should  not  require  an 
excessive  amount  of  instructor  or  supervisory  personnel,  and  the 
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mechumical  devices  used  should  not  inquire  an  undue  amount  of  j 

maintenance  and  repair,  coetiy  in  time  and  manpower.  '  ! 

2.  Training  should  be  ddaptabh  to  the  changing  requirements 
or  conditions  of  training.  Installations  should  not  be  so  eon-  j 

structed  as  to  cause  undue  delay  or  re-design  in  keeping  up  with  j 

Changes  in  the  goal  of  training.'  '  j 

The  table  appearing  on  page*  258  lists  moet  of  the  trainers  | 
and  training  methods  used  in  the  flexible  gunnery  training  pr j 
gram  since  late  1942,  as  well  aa  several  devices  considered  for  use  VJ;  i 
but  not  adopted.  Across  the  top  of  the  table  are  the  characterise  ■:  \ 
tics  of  devices  and  procedures  considered  important  for  effec#ye*ilj;j 
training.  In  the  body  of  the  table  are  worda  which  indicate,  in. Y\l  j 
the  form  of‘  a  qualitative  relative  rating  the  opinion  of  a  group  Y, » 
of  officers  who  have  been  closely  affiliated  with  gunnery  training1  ■  Y 
and  gunnery  research  for  periods  ranging  from  22  months  to 
more  than  8  years.  Asterisks  in  the  body  of  the  table  indicate -Y 
that  no  rating  was  appropriate  or  that  no  data  were  available- on 
which  a  rating  , could  be  based.-.  • .  ^  -'Y 


;  V  -fv  ify  frift  a i ^  i 

SllghtY _ JLsoma  favorable  evidence.'.’*  -.:V(&crv’U>Y  f> tj -■  J i it 1 

Doubtful - Negative  result*  in  ifoafotf 

©  -  : 4.i  . .  •  4- -vii . - Y;.v 

_ Unknown;*1*  ;>•  1‘C*  * «vuive> SC* 1\Yvr%: 

Doubtful _ v-Scoroa  unreliable*  and  gains  alight.  JfaW&’iV >’> 

.Probable _ ....Inferred  from  transfer  to' criterion./ ->/* 

Slight _ : _ Some  chance  in  profideacy  observed.' . 

Moderate _ Coneiderable  change  in  proficiency  over  several  trials.  Y-V-is 

Marked... _ Much  change  in  proficiency,  continued  over  large 

:  j  number  c*  trials.*/  > 

8.  BtaHmr-  *•  »*'**»••*  «•  •»-’-..*•  V*‘  .•>*«  iVf/j  r..v&j 

Slight _ Reaemblance  only*  to  limited  aspects  ox  goal. of  flit.  y’S?) 

!  *  .  trainer.  ..  :  <■•  ».**■*.  .  -  *  .••/• 

Doubtful _ l.Some  resemblance  to  the  gunner’s  combat  j obi  but 

.  with  important  differences. '  .  v< ! 

Moderate _ Fair  resemblance  to  important  aspects  of  the  fun-.  'ij; 

ner’s  combat  job,  without  important  difference®..  ,  /'  i 

w  r _ v _ a  /it _ _ ' _ at. _  .  .  _ »  .a  .  »Vt 


Satisfactory™.. Most  coeflident*  above  QJt<ky\.  ‘/--  ^iiianvOu'^*,  ’ 
8.  /u/omaffon  rtfardtng  errors f  •:*  *  .  Y.vV-/ *••  ■*.<**  ■ 

No — 11 _ _ _ The  score  or  record  of  performance  does  ndt  'teQ 

nature  of  errors  in  performance.1’*  -.*  ; 

, .  Yee - Score  or  record  provides  information  on  nature  of 

•  *  errors. 1  ’  .  ** 

6.  Rgt»finm*nt  of  nlo*u:  r-ri 

No — ... - .Knowledge  of  effectiveness  of  practice  not  given  stu¬ 

dent  constantly  during,  or  .Vnmedlately  following 
:  (less  than  1  second),  practice.  . 

Yea - - — Student  can  tell  at  au  times  how  off  active  is  bis 

practice. 


■.*  *  ■ .  'ry  — ; 

performance  does  not  tsU- 
formancet.1'* 

information  on  nature  of 


times  how  off  active  is  bis 


i 


7.  Economy: 

Poor _ Extremely  expensive. 

Fair _ ..Very  expensive,  but  less  so  than  trainers  rated  poor. 

Good _ Expensive,  but  less  so  than  trainers  I'ated.fair. 

Excellent _ Relatively  Inexpensive. 

8.  Adaptability: 

Fair J _ Rigid  and  resistant  to  adaptation,  without  great  effort 

on  the  part  of  many  rseople. 

Good _ Adaptable  with  only  moderate  difficulty. 

Excellent _ Adaptable  with  little  or  no  trouble. 
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CHAPTER  TEN. '  V'" 

•*  *  N  .  ‘  ,  * 

•  »  .  ,  '  *  . 

Attitudes  and  Adjustment  of  ,  ;!■ 
Flexible  Gunners  - 

Lt.  Arthur  L.  Irion 

*  #•*.*« 

»  t 

INTRODUCTION  '  ‘  ‘  ‘  ..  . 

Data  concerning  the  attitudes  and  adjustment  of  flexible  gun¬ 
ners  are  contained  in  a  number  of  research  reports  on  the  atti¬ 
tudes  of  guners  at  various  stages  of  their  careers  and  under  a 
variety  of  conditions.  The  data  upon  which  this  chapter  is  based 
were  originally  contained  in  the  reports  of  nine  separate  studies. 

The  first  of  these  studies  was  conducted  in  March  1944.1  This 
report  summarized  an  intensive  study  of  the  attitudes  and  adjust¬ 
ment  of  100  returned  combat  gunners.  The  specific  orientation 
of  the  report  concerned  the  use  of  ex-combat  gunners  in  the  flex¬ 
ible  gunnery  training  program,  yet  much  of  the  data  had  an  im¬ 
portant  bearing  on  the  attitudes  of  gunners  toward  their  training, 
their  combat  duties,  their  assignments  other  than  combat,  and 
other  issues.  Like  all  studies  of  returned  gunners,  this  study 
applied  in  a  strict  sense  only  to  the  attitudes  of  men  after  they' 
had  been  to  combat.  Application  of  the  findings  in  other  situa¬ 
tions,  such  as  the  training  which  these  men  received  before  going 
to  combat,  may  lack  validity,  since  the  data  involve  the  memory 
of  the  returned  gunner  as  to  what  his  attitudes  were  many  months 
previously.  ■  .  ,  ,  ' 

A  second  study  of  the  attitudes  of  gunners  was  conducted  in 
the  spring  of  1944,  using  as  subjects  100  recent  gunnery  school 
graduates.  Although  considerably  less  elaborate  than  the  study 
just  mentioned,  it  was  specifically  oriented  toward  the  attitudes 
of  gunners  concerning  their  basic  gunnery  training  and  toward 
their  attitudes  on  going  to  combat2 
Three  further  studies  on  the  attitudes  of  gunners  returned  from 
combat  were  summarized  in  a  report  published  by  the  Office  of 

t 

lThl*  study  was  conducted  by  Dr.  Carl  R.  Rogers,  -Misted  by  Capt  Wilbur  S,  Gregory, 
Lt.  William  K.  Rates,  and  Lt  Thomas  P.  Oallagber. 

*  Tills  study  was  conducted  by  Lt  William  K,  Estes  ^.nd  S/Est.  Philip  L,  Gordon,  using 
gunners  at  Buckingham  as  subjects.  Capt  John  A.  Vale-:tlne  prepared  the  summary  report. 
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the*  Air  Surgeon,  Hq.,  Army  Air  Forces,  in  December  1944.*  In 
ell,  data  were  obtained  on  2,474  recently  returned  combat  gunners 
and  2,659  gunners  who  had  been  returned  long  enough  to  have 
been  assigned  to  duty  in  the  training  air  forces.  These  studies 
were  concerned  with  the  problems  of  assignment  of  returned 
gunners,  and  with  attitudes  of  returned  gunners  toward  a  second 
tour  of  combat  duty;  •  •  * 

Additional  data  were  secured  as  relatively  incidental  portions 
of  three  studies  of  gunners  in  combat.4  These  studies  had  the 
disadvantage  of  dealing  with  relatively  small  numbers  of  individ¬ 
uals,  but  their  results  were  important  as  being  the  only  data 
which  were  obtained  in  the  combat  situation.  •-  - 

A  study  which  compared  the  efficacy  of  two  training  programs 
in  a  gunnery  school  also  furnished  some  additional  data  on  the 
attitudes  of  gunnery  students  toward  their  training.* 

The  data  presented  in  this  chapter  deal  with  attitudes  of  flexi¬ 
ble  gunners  toward  various  aspects  of  the  gunnery  situation. 
Attitudes  toward  gunnery,  gunnery  training,  combat  gunnery, 
and  reassignment  after  combat  have  been  measured  in  groups  of 
precombat  and  postcombat  gunners.  Also  presented  are  certain ' 
other 'attitudes  such  as  attitudes  toward  the  civilian  war  effort 
and  attitudes  toward  the  reasons  for  and  the  necessity  of  war. 
Because  the  attitudes  of  postcombat  gunners  were  likely  to  reflect 
their  combat  experiences  and  their  psychological  reactions  to 
combat,  basic  data  on  the  gunner’s  adjustment  in,  and  following, 
combat  are  presented.  .  ...  ... 

PRECOMBAT  PROBLEMS  ' 

The  Gunner’s  Attitude  Toward- Being  a  Gunner  ...  ■: 

Attitudes  before  going  to  combat. — Several  of  the  studies  listed 
above  dealt  with  the  attitudes  of  the  gunner  toward  his  role  as  a1 
flexible  gunner.  These  studies  revealed,  in  general,  that  gunners 
found  the  gunnery  assignment  to  be  an  acceptable  one.  For  ex¬ 
ample,  100  gunners,  graduating  from  gunnery  school,  expressed 
their  degree  of  satisfaction-  with  being  a  gunner  as  indicated  in. 


*The  studies  upon  which  this  report  was  based  were  conducted  under  the  supervision  of 
the  Psychological  Division,  Office  of  the  Surgeon,  Headquarters,  AAF  Personnel  Distribution 
Command;  Psychological  Division,  Office  of  the  Surgeon,  Headquarters,  AAK,  Contlnantal 
Air  Forces;  and  the  Central  School  for  Flexible  Gunnery,  AAK  Training  Command. 

‘MaJ,  Soger  W.  Russell  studied  gunners  in  the  8th  Air  Force,  Capt.  Wlljiur  8,  Gregory 
studied  gunner*  In. the  Chlna-Burma-Icdla  Theater,  and  Capt.  Mason  Halre  studied  gunners 
In  the  7th  Air- Force.  The’e  studies  were  conducted  In  the  spring  and  summer  of  1944. 

*A  survey  of  attitudes  of  gunners  toward  their  training  we*  part  of  an  experimental 
evaluation  of  a  special  8>wee)c  curriculum  (see  ebap,  11).  Thlo  study  was  planned  and 
carried' out  by  Lt.  William  B.  Schrader,  Lt  Thomas  P,  Gallagher,  and  Sgt  Alexander  H. 
Levine,  uq  sr  the  general  supervision  of  Capt,  Lee  0.  Garber. 
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figure  10.1.  Of  this  group,  78  percent  agreed  with  the  statement, 
“I  believe  I  would  make  a  good  gunner,”  whereas  only  3  percent 
disagreed  with  the  statement.  However,  23  percent  were  unable 
to  make  the  decision.  The  majority  of  this  grcup  also  indicated 
a  desire  to  fly  and  a  desire  to  handle  and  study  guns.  The  great 
majority  (81  percent)  indicated  a  belief  that  the  gunner’s  task 
was  as  important  i  a other  job  in  a  bomber.  This  attitude, 
favorable  to  gunner  as  a  military  assignment,  seemed  to  become 
increasingly  favorable  during  gunnery  training.  Of  100  gunnery 
students  who  were  interviewed  before  and  after  attending  flexible 
gunnery  school,  69  percent  indicated  a  desire  to  become  a  gunner 
before  attending  school,  while  85  percent  indicated  this  desire 
after  completing  gunnery  training.  Before  training,  12  percent 
of  the  students  did  not  want  the  gunnery  assignment,  while  after 
completion  of  training  only  3  percent  were  not  desirous  of  becom¬ 
ing  gunners. 

Attitudes  after  combat — The  attitudes  of  the  gunner  toward 
his  role,  in  so  far  as  this  role  involved  combat  duty,  seemed  to 
undergo  a  marked  change  as  the  gunner  went  from  the  zone  of 
the  interior  to  combat  and  returned  again.  This  could  not  be 
determined  with  complete  certainty  from  the  data  which  were 
available,  since  these  dealt  with  different  groups  of  gunners  in' 
pre-combat,  combat,  and  post-combat  investigations.  There  may 
have  been,  therefore,  various  selective  factors  operating  to  pro¬ 
duce  the  results  which  were  obtained.  Nevertheless,  the  data  are 
presented,  subject  to  this  limitation.  t  ' 

Recently  graduated  gunners  expressed  their  attitude  toward 
combat  as  indicated  in  figure  10;2. 

Again,  the  100  gunnery  school  graduates  answered  the  follow¬ 
ing  question  as  indicated : 


Question  3.  After  I  have  completed  the  required  number  of 
combat  missions,  I.  would  like  to  be  treated  as  follows : 

10  percent  answered:  I  would  like  to  volunteer  for  addition! 


48  percent  answered: 
16  percent  answered: 


23  percent  answered: 
8  percent 


missions  as  long  as  I  feel  fit  to  fight. 

I  would  like  to  be  given  a  rest  before  re¬ 
turning  to  combat. 

I  would  like  to  be  assigned  to  noncom¬ 
batant  duties  either  overseas  or  in  this 
country. 

I  would  want  to  take  any  assignment  they 
could  give  me  in  this  country. 

Failed  Vo  answer  the  question. 


As  will  be  noted,  slightly  over  half  of  the  recently  graduated  gun- 


262 


- -9  •***7*’"-. 


I 


v 


'  ners  expressed  some  willingness  for  combat  in  excess  of  a  single 
tour  of  duty. , 

When  over  5, COO  returned  gunners  were  asked  to  express  them¬ 
selves  on  a  similar  question,  only  15  percent  indicated  a  favorable 
attitude  toward  return  to  combat,  although  an  additional  1G  per¬ 
cent  indicated  an  indifferent  attitude.  In  this  case,  the  question  • 
and  answers  were  as  given  below? 

Question  4.  Ho%o  strong  is  your  desire  to  return  to  combat  as 
a  gunner ?  ' 

f  percent  answered;  Very  strong  desire  to  return^ 

10  percent  answered ;  Some  desire  to  return. 

16  percent  answered ;  Indifferent  as  to  returning.  •  '  . 

27  percent  answered :  Some  desire  not  to  return.  *  ‘ r  • 

40  percent  answered:  Very  strong  desire  not  to  return.  ’  • 

2  percent  No  response. 

As  a  further  check  oh  the  attitude  of  returnees  toward  a  second 
tour  of  combat  duty,  1,750  returned  combat  gunners  were  asked 
to  indicate  a  choice  between  returning  to  a  second  tour  of  combat 
duty  or  being  assigned  to  the  duties  .of  a  basic  soldier.  Even  ’ 
though  assignment  as.  a  basic  soldier  would  have  involved  loss  of 
prestige,  loss  of  flying  pay,  and  possible  loss  of  rank,  the  majority  1 
of  returned  gunners  (55,4  percent)  preferred  this  status  to  a 
second  tour.  Furthermore,  of  2,659  returned  gunners,  81.4  per¬ 
cent  indicated  that  they  did  not  plan  to  volunteer  for  a  second 
tour  of  combat  duty.  --  •  ■  ' 

Approximately  2,500  returned  gunners  were  asked  to  give  their  ‘ 
reaction  at  the  time  they  first  learned  that  they  had  been  assigned 
to  gunnery  training.  Their  responses  are  indicated  in  figure 
10.3.  These  same  2,500  returned  combat  gunners  were  asked  to 
give  their  reaction  to  the  prospect  of  combat,  after  having  com¬ 
pleted  training  but  before  going  on  their  first  mission.  Their 
responses  are  given  in  figure  10.4.  The  results  obtained  from  the 
study  of  the  attitudes  of  ex-combat  gunners  which  indicated  that 
they  had  been  satisfied  with  the  gunnery  assignment  and  rela¬ 
tively  eager  to  go  to  combat  were  in  agreement  with  the  results 
obtained  from  precombat  gunners  (questions  1  and  2).  In  view 
of  the  attitude  of  ex-combat  gunners  in  rejecting  a  second  tour 
of  combat  duty,  these  data  served  to  substantiate  the  conclusion 
that  a  shift  in  attitude  from  relatively  favorable  to  relatively 
unfavorable  toward  combat  gunnery  did  occur  as  a  result  of  com- , 
bat  experience.® 

On  the  basis  of  the  data  presented  abc.e,  it  was  concluded  that 

♦This  problem  Is  further  discussed  In  pages  270  to  281  following. 
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gunners  were -typically  satisfied  with  their  role  in  the  war.  It 
appeared,  however,  that  whereas  precombat  gunners  tended  to 
desire  combat  experience,  ex-combat  gunners  were  reluctant  to 
return  to  the  combat  situation.  ■  • 


The  Attitude  of  the  Gunner  Toward  His  Training 

Relatively  little  evidence  was  obtained  on  the  gunner’s  attitude 
toward  his  training  and  equipment.  A  study  of  the  attitude  of 
100  graduating  gunners  indicated  a  favorable  attitude  toward  the 
training  which  they  had  just  received.  - 

Question  7.  I  feel  that  my  gunnery  training  has  been : 

31  percent  answered :  The  very  best  training  possible. 

65  percent  answered :  Good,  but  it  could  have  been  better. 

7  percent  answered:  Just  fair.  .  ,  , 

4  percent  answered:  Insufficient.  . 

0  percent  answered :  Downright  poor. 

3  percent  Failed  to  answer  the  question. 

In  another  study,  psychologists  interviewed  100  gunnery  school 
students  and  rated  the  students’  attitudes  toward  gunnery  school. 
The  interviewers  rated  25  percent  of  the  students  as  having  a  very, 
favorable  attitude,  65  percent  of  the  students  as  having  a  favora¬ 
ble  attitude,  10  percent  of  the  students  as  having  somewhat  un¬ 
favorable  attitudes,  and  none  or  the  students  as  having  definitely 
unfavorable  attitudes  toward  gunnery  training.  These  100  gun-, 
ners  were  also  asked  to  make  suggestions  for  the  improvement  of 
gunnery  training.  These  suggestions  are  contained  in  table  10.1. 


Table  10.1.— Suggestions  made  by  6-week  gunnery  school  students  for  im¬ 
proving  gunnery  training  (N=100,  Laredo,  January  1945) _ 


Suggestion 


Frequency 


Flight  line: 

Reduce  lost  time — '2 - - - 2 - 

Improve  equipment  ard  maintenance- . 

Increase  flying  time— - - 

Improve  attitude  of  instructors - 

Turrets:  * 

Teach  different  turrets - 

Reduce  time  on  theory — _ — - - 

Standardize  model  on  tail  turret - 

Reduce  time  on  turret  drill - - 

Weapons: 

Increase  time  on  malfunctions - 

Increase  time  on  nomenclature - - 

Reduce  repetition  of  armament  school- — 
Sighting: 

Increase  training  — - — - - - 

Reduce  confusion  in  instruction - 

Standardize  sighting  methods-- - 

Synthetic  trainers  reduce  time  on  b-14 — . 

Ground  ranges: 

Increase  time - - - 

Improve  attitude  of  instructors - 


703320 — 47—18 
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These  results  are  presentee!  in  contrast  to  the  results,  pro. 
sented  in  table  10.2,  which  were  obtained  from  64  gunners  in  the 
14th  Air  Forces.  It  will  be  noted  that  the  gunners  in  combat 
gave  more  specific  criticisms  of  training  than  did  the  gunners  in 
the  zone  of  the  interior.  Combat  gunners  in  the  5th  and  18th  Air 
Forces  were  also  more  critical  of  the  general  adequacy  of  the 
training  which  they  had  received.  Each  of  60  gunners  were 
asked  to  state  whether  or  not  he  felt  that  the  training  he  had  been 
given  had  qualified  him  for  combat.  Of  these,  36  percent 
answered,  “yes;"  28  percent  answered,  “no;"  and  2  percent 
answered,  “don’t  know."  However,-  34  percent  of  the  gunners 
gave  no  response  to  the  question. 


Tabus  10.2. — Percent  of  gunners  indicating  deficiencies  tn  various  asp  ,  -ti  of 
gunnery  training  (N=5l,  Hth  Air  Force,  June  19JU)  ' 


1.  Difficulty  in  manipulating  turret  and  tracking  smoothly 

-while  firing  llvt-  ammunition  in  the  air _ 54 

2.  Inability  to  operate  other  turrets  on  plane  in  addition  to 

one  on  which  gunner  was  trained  in  States: _ . 26 

3.  Lack  of  knowledge  regarding  preventive  maintenance 

and  correction  of  turret  malfunctions _ 24  . 1  ■ 

4.  Lack  of  understanding  of  principles  of  sighting  (where  . 

to  aim)  against  attacking  fighters _ - _ 15. 

5.  Problems  arising  from  formation  flying  (zone  of  search, 

zone  of  fire,  firing  without  hitting  other  ships  In  for¬ 
mation,  cte.)  _ _ _ 13  * 

6.  Lack  of  proficiency  in  working  on  guns  in  turret _ 11  ’ 

7.  Lack  of  knowledge  regarding  care  and  cleaning  of  guns _ 9 

9.  Inability  to  recognize  naval  vessels _ 7 

8.  Lack  of  skill  in  adjusting  headspace _ _ _  7 

10.  Lack  of  knowledge  of  principles  of  sighting  (where  to 

fire)  in  ground  strafing _ _ _ _ ' _ 5 


These  attitudes  were  somewhat  similar  to  those  expressed,  in  a 
different  type  of  situation,  by  2,659  gunners  who  had  re¬ 
turned  from  combat.  These  men  answered  the  folloiying  ques¬ 
tion  in  the  manner  indicated : 

Question  8.  In  which  one  of  the  following  fields  of  gunnery  do 
you  think  you  could  have  bene  fitted  most  by  additional  training 
before  being  sent  into  combat?  ■ 

68  percent  answered:  Air-to-air  firing. 

9  percent  answered:  Turret  operation. 

8  percent  answered :  Sights  or  sighting. 

3  percent  answered:  Parachute  and  escape  procedures. 

3  percent  answered:  In  no  fields. 

2  percent  answered:  Range  estimation. 

2  percent  answered :  Machine  gun  ground  firing. 

4  percent  answered:  Other  (as  listed  by  the  gunners). 

10  percent  No  response.  . 

\  ,  * 
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As  was  pointed  out  in  one  of  the  original  reports,  however, 

« 

A  reservation  should  bo  mado  in  interpreting  the  opinions  of  the  gunners 
themselves,  since  they  may  not  bo  able  to  judge  the  type  of  training  that  will 
give  them  the  skills  which  they  want  For  example,  the  frequently  ex-  , 
pressed  need  for  more  air-to-air  firing  reflects  a  desire  to  become  more  profi¬ 
cient  in  air  firing,  rathe?  than  an  understanding  of  how  skill  in  this  vital 
aspect  of  gunnery  can  be  attained. 

On  the  whole,  it  can  be  stated,  on  the  basis  of  the  available 
evidence,  that  gunnel  3  typically  felt  the  training  program  to  be 
adequate  as  a  whole,  but  that  they  were  also  critical  of  some  as¬ 
pects  of  it.  The  critical  attitude  toward  the  adequacy  of  training 
was  most  clearly  expressed  by  the  gunners  in  terms  of  specific 
constructive  suggestions  for  the  improvement  of  training.  -That 
these  suggestions  were  most  clearly  formulated  by  combat  gun¬ 
ners  and  returnees  was  probably  a  function  of  the  practical  test 
to  which  their  gunnery  skill  had  been  put.  The  returnees  typi¬ 
cally  felt  that  the  training  program  was  less  adequate  in  the  phases 
which  dealt  with  manipulation  of  turrets  and  sighting  of  targets 
in  flight,  than  in  its  other  phases.  •  - 

FOSTCOMBAT  PROBLEMS 

The  Problem  of  the  Gunners  Who  Returned  frem  Combat 

As  the  war  progressed,  the  problem  of  utilizing  the  skills  and 
experience  of  gunners  who  had  returned  from  combat  became 
more  and  more  significant.  The  problem  was  significant  not  only  ' 
because  the  numbers  of  these  men  increased  rapidly,  but  also  be¬ 
cause  the  returnees  constituted  a  group  of  highly  experienced, 
hence  potentially  valuable,  individuals.  Several  extensive  inves¬ 
tigations  were  made  to  determine  the  most  effective  use  to  which  - . 
the  talents  of  combat  returnees  could  be  put. 

The  background,  of  the  returned  gunner. — In  order,  adequately 
to  understand  the  problems  of  reassignment  of  returned  combat, 
gunners,  it  was  helpful  to  know  something  of  the  background  of 
ex-combat  gunners,  and  something  of  the  experiences  which  these 
men  had  in  combat  and  the  effects  which  these  experiencs  had  . 
upon  them.  The  percentages  reported  below  are  based  upon  ap¬ 
proximately  five  thousand  cases  of  returned  gunners  in  the  train¬ 
ing  air  forces,  and  in  AAF  Personnel  Distribution  Command  sta¬ 
tions.7 

Thp  tvnical  returned  combat  gunner  was  24  years  old  at  the  time  of  his  » 

"gf-  omb'at'eam,™  lfSd“S.o  rank  of 

.taAft?lo“l(0o5  ek8  cn£  ^  were  hkc,y 

to  rank  seasoned  instructors,  causing  resentment.) 

1 0p.  clt.,  Footnot#  3.  , 


As  a  group,  and  desptt*  their  comparative  youth,  returned  gunners  wera 
better  educated  than  the  average  citizen.  Of  them,  72  percent  had  3  years  or 
more  of  high  school  and  12  percent  had  been  to  college.  (A  number  of  men 
had  good  backgrounds  for  instructors.)  ....  ,  .  .  • 

Only  20  percent  of  the  gunners  were  married  before  their  tour  of  combat 
duty.  However,  many  of  the  gunners  became  married,  cither  while  in  corn- 
bit  or  shortly  after  their  return  to  this  country.  Very  few  (12  percent)  of 
the  returnees  had  any  children.  (After  combat,  men  wanted  to  be  with 
their  families.  Housing  at  many  gunnery  stations  made  this  impossible, 
canning  discontent.)  .  ,  ,  . 

The  typical  combat  gunner  who  returned  had  been  on  between  26  and  50 
combat  missions  during  slightly  less  than  1  year  overseas. 

More  than  half  (55  percent)  of  the  returning  gunners  served  in  B-17 
crews.  About  a  quarter  were  members  of  B-24  crews,  and  the  remainder 
flew  in  medium  bombardment  aircraft,  chiefly  the  B-25.  Approximately 
three-fourths  of  the  returned  gunners  had  been  to  combat  in  the  European 
Theater  (England)  or  the  Mediterranean  Theater.  Earlier  in  the  war, 
returnees  came  about  equally  from  these. two  theaters,  but  by  the  latter  part 
of  1944,  many  more  gunners  returned  from  England.  (But  most  of  these 
men  would  teach  gunners  who  wculd  be  assigned  to  B-24’a  and  B-29's  in 
the  Pacific.) 


The  returnees  had  typically  experienced  a  considerable  degree, 
of  danger  in  combat.  Of  those  returnees  who  were  studied,  20 
percent  had  been  wounded  in  aerial  combat,  42  percent  were  in  a 
plane  which  crash  landed  or  ‘‘ditched,"  and  8  percent  were  forced 
to  bail  out  Moreover,  20  percent  of  the  returnees  had  been  on 
missions  in  which  one  or  more  of  the  other  men  on  the  plane  had 
been  either  killed  or  wounded.  The  typical  returned  gunner 
.reported  that  approximately  half  of  his  close  friends  were  killed, 
missing,  or  wounded  in  combat 

That  fear  was  prevalent  among  gunners  in  combat  is  indicated 
by  the  responses  of  2,466  returnees  studied  by  pschologists  in  the 
Personnel  Distribution  Command  to  the  question' which  is  given 
below.  . 


Question  9.  How  did  the  fears  you  experienced  in  combat 
compare  with  other  fears  that  you  have  had  in  your  life f  The 
fears  felt  in  combat  were:'  •  ■ 

1  percent  answered :  Never  experienced  any  fear  in  combat.  ' ' 

Weaker  than  some  other  fet.ra. 

About  the  same  as  the  strongest  fear  I 
ever  felt  ill  another  situation. 

Somewhat  stronger  than  any  other  fear. 
Very  much  stronger  than  any  other  fear 
I  ever  had.  ’ 

1  percent  No  response. 


9  percent  answered: 
21  percent  answered: 

23  percent  answered: 
45  percent  answered: 


In  view  .of  the  obvious  hazards  of  the  combat  gunner’s  life,  and 
the  reported  intense  fears  of  these  men  while  in  combat,  it  was 
considered  important  to  ask  them  how  they  were  able  to  complete 
their  tour  of  duty,  what  it  was  that  kept  them  at  their  job.  The 
question  and  answers  are  presented  below  r 
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Question  XO.  After  you  were  assigned  to  a  combat  crew, 
which  one  of  the  following  reasons  was  the  strongest  in  keeping 
you  there'i 

46  percent  answered: 

21  percent  answered: 

13  percent  answered: 

9  percent  answered: 

4  percent  answered: 

2  percent  answered: 

2  percent  answered: 

1  percent  answered: 

1  percent 

The  answers  to  this  question  agreed  with  data  from  other  sources 
which  indicated  that  the  most  important  single  force  that  held 
the  combat  crews  together  was  the  feeling  of  group  loyalty  and 
the  desire  to  help  the  squadron  accomplish  its  mission.  This  was, 
for  example,  in  agreement  with  the  findings  of  Rogers  who  stated  1 
the  hypothesis  that  a  high  degree  of  security  in  a  social  group 
was  one  important  source  of  psychological  strength  in  combat, 
Grinker  and  Spiegel8  also  stress  the  importance  of  the  ability  of 
the  gunner  to  identify  himself  with  his  social  group :  his  crew,  his 
flight,  his  squadron,  and  so  on.  The  following  statements  of 
returned  gunners  were  selected  by  Rogers  as  being  indicative  of  a 
high  degree  of  identification  with  the  social  group  and  of  the  supr 
port  which  the  group,  in  turn,  lent  to  the  gunners,. 

’  a  i 

You  felt  very  close  to  the  crew  and  would  feel  “If  you  can  do  it,  God  damn 
it,  I  can  too!”  You  don’t  want  to  let  the  crew  down.  After  you  have  been 
on  a  tough  trip -like  Hamburg,  Kiel,  or  the  first  Schweinfurt  raid,  you  feel  a 

sense  of  pride.  _  . 

I  think  90  percent  of  the  battle  its  morale.  We  had  a  good  gang.  The 
other  crews  thought  that  we  were  crazy,  we  are  always  having  such  a  good 
time  together. 

Other  important  reasons  (as  indicated  by  Question  10)  why  gun¬ 
ners  believed  they  remained  in  combat  was  interpreted  as  indi¬ 
cating  the  importance  of  the  de&i  e  to  fly,  the  excitement  of  com¬ 
bat  gunnery,  and  the  opportunity  which  gunnery  offered  to  strike 
a  blow  at  the  enemy. 

In  summary,  it  may  be  said  that  the  typical  gunner  returning 


»  Orinkcr,  R.  R,,  and  Splegol,  J.  P.  Men  under  etrets.  <?hlladclr>bia :  The  Dlakleton  Co., 
1045.  (chapt  3) 
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Desired  to  do  a  good  job  and  contribute 
my  share. 

Preferred  flying  duty  to  ground  duty.  1 

Thought  it  was  the  best  way  to  strike  an. 
active  blow  against  the  enemy. 

Liked  the  excitement  of  combat  gunnery. 

Didn’t  want  to  let  the  other  members  of 
the  crew  down  by  quitting. 

Preferred  the  duties  because  I  didn’t 
want  to  be  called  a  quitter. 

Wanted  the  extra  money  from  flight  pay. 

Performed  the  duties  because  I  was  or¬ 
dered  to  do  so. 

No  response.  ■  - 


from  the  European  Theater  of  Operations  was  a  young  man  of 
somewhat  greater  than  average  ability  and  education.  He  had 
typically  been  eager  to  get  into  combat.  Once  in  combat,  he 
found  the  job  to  be  frightening  and  dangerous.  Nearly  aU  of  * 
the  gunners  suffered  the  loss  of  close  friends  in  combat.  Many 
of  the  returnees  had  been  wounded  or  injured  as  a  result  of  their . 
combat  activities.  The  chief  motivation  which  kept  these  men  in 
combat  under  these  circumstances  seemed  to  be  intimately  related 
to  the  identification  of  the  individual  gunner  with  the  combat 
group.  Other  motives  which  gunners  indicated  had  been  of  im- 
portance  in  keeping  them  in  the  combat  situation  were  -the  desire 
to  fly,  the  excitement  which,  combat  gunnery  offered,  and-  the 
opportunity  which  was  offered  to  strike  a  blow  against  the  enemy. 

The  effects  of  combat  upon  the  gunner’s  adjustment . — The  con¬ 
ditions  under  which  the  gunner  operated  in  combat  inevitably  had 
the  effect  of  producing  psychiatric  casualties  in  a  certain  propor¬ 
tion  of  cases.  Many  of  these  casualties  escaped  inclusion  in  the 
studies  of  gunner’s  attitudes  for  the  reason  that  the  men  involved 
were  evacuated  to  the  zone  of  the  interior  through  medical  chan¬ 
nels.  Of  those  returnees  who  came  back  to  the  United  States 
through  the  AAF  Personnel  Distribution  Command  stations,  how¬ 
ever,  many  were  suffering,  or  had  suffered,  from  some  form  of 
psychiatric  disorder.  Of  2,659  gunners  assigned  to  training  air  ; 
forces  stations,  a  large  percentage  had  suffered  from  some  type 
of  operational  or  combat  fatigue  as  is  indicated  in  the  figures 
presented  below':  .  i  ,  ; 

3  percent  had  been  sent  to  a  hospital  because  of  operational 
fatigue  or  exhaustion.  v. 

23  percent  had  been  sent  to  a-  rest  camp  because  of  operational 
fatigue.  .  • 

12  percent  had  been  given  one  or  more  furloughs  for  rea-.on  of, 
operationalfatigue.- 

8  percent  had  been  diagnosed  as  having  flying  fatigue  or  opera* 
tional  fatigue,  but  had  received  no  treatment  for  it 
21  percent  had  been  sent  to  a  rest  camp  routinely,  not  for  opera¬ 
tional  fatigue. 

33  percent  had  never  had  operational  fatigue  nor  had  been  sent  , 
to  a  rest  camp.  • 

♦ 

Thus,  approximately  45  percent  of  returnee  gunners  (in  the 
training  air  forces  stations  studied)  had  suffered  from  some  form 
of  personality  disorder  as  a  result  of  their  combat  experiences. 

Rogers’  study  indicated  that  an  even  higher  percentage  of  com¬ 
bat  gunners  suffered,  at  some  time,  from  combat  fatigue  or  some 
similar  disorder.  According  to  the  results  obtained  in  his  study, 
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24  percent  of  the  gunners  had  exhibited  severe  combat  fatigue 
and  50  percent  of  them  had  shown  a  moderate  degree  of  combat 
strain,,  *  ’  * 

The  persistence  of  combat  fatigue . — The  effects  of  the  stresses 
of  combat  persisted  after  the  return  of  the  gunners  to  the  zone  of 
the  interior.  The  return  of  gunners  was  accomplished  under  a 
variety  of  conditions.  Most  of  the  ex-combat  gunners  returned 
to  this  country  under  the  policy  of  rotation  which  permitted  the 
gunner  to  return  to  the  United  States  after  flying  a  certain  num¬ 
ber  of  combat  missions.  Not  all  gunners,  however,  flew  the  re¬ 
quired  number  of  missions,  nor  was  rotation  the  only  reason  for 
return.  The  2,659  gunners  studied  in  the  training  air  forces 
were  returned  to  the  United  States  for  the  following  reasons: 

63  percent  flotation  policy ;  having  flown  the  required  number  of 
missions  or  hours.  * 

20  percent  Returned  because  of  flying  fatigue,  after  completing 
about  the  usual  number  of  missions. 

5  percent  Escaped  prisoner  of  war  or  evadee.  (Such  personnel 
were  returned  to  the  United  States  immediately  by 
War  Department  policy.) 

5  percent  Wounded  in  action  or  injured  in  connection  with  air¬ 

craft  v 

1  percent  Returned  because  of  flying  fatigue  or-  operational  fa¬ 
tigue  without  completing  the  usual  number  of, 
missions.*  • 

1  percent  Returned  because  of  illness,  injury,  or  operations  not 
connected  with  aircraft 

6  percent  Returned  for  other  reasons.  '  ’*  ’ 

1  percent  No  response.  .  . 

The  persistence  of  operational  fatigue,  of  course,  was  dependent 
upon  a  variety  of  factors  including  the  kind  and  amount  of  treat¬ 
ment,  the  original  severity  of  the  condition,  the  military  assign¬ 
ment  of  the  returnee,  and  so  on.  That  operational  fatigue  effects* 
did  persist,  however,  there  can  be  r.o  doubt.  In  table  10.3  data 
are  presented  which  show  the  state  of  adjustment  of  2,659  re¬ 
turnees  following  their  return  to  this  country.  It  will  be  noted 
that  the  majority  of  these  individuals,  in  response  to  a  question¬ 
naire,  showed  at  least  a  moderate  degree  of  combat  fatigue  as 
indicated  by  the  frequency  of  occurrence  of  the  symptoms  con¬ 
sidered  in  the  study.  •  .  ,♦ 

'  /  • 

•  This  figure  cannot  be  accepted  a*  representing  the  number  of  cases  of  severe  operational 
fatigue  since  many  of  tbe  more  severe  cases  may  have  beem  evacuated  by  the  Medical 
Department,  or  were  not  assigned  to  the  training  air  f  .cos. 
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Similar  results  were  earlier  obtained  by  Rogers  in  an  intensive 
investigation  of  100  returnees.  It  was  his  judgment  that  12  per. 
cent  of  the  returnees  showed  marked  effects  of  combat  strain,  that 
46  percent  showed  effects  of  combat  strain, 'and  that  42  percent 


Table  10.3. — The  adjustment  of  ex-combat  gunners:  Percent  showing  variant 
degree  of  symptoms  of  combat  fatigue  (N—2659  gunners  assigned  to  it 
training  air  force  stations,  August-September  19.U) 


Percent  of  gunners  answering: 

V(UNUOB 

a  % 

Often 

Sometimes 

Never 

SInca  returning  from  combat,  do  you  become  easily 
exhausted  or  all  tired  out?  —  - 

48.9  • 

43.6 

7.* 

Since  returnin'  from  overseas  duty,  have  you  felt 
sick  to  your  stomach  or  felt  that  you  had  to  vomit? 

12.4 

45.8 

41.6 

Do  you  find  It  difficult  to  concentrate  on  tasks  that 

didn’t  bother  you  before  you  went  io  combat? _ 

25.5 

50.8 

23.7 

Do  you  have  shaking  or  trembling  hands  or  knees  or 

mUHOUlar  tirltnliaaT  ....  ..  ... 

24.4 

51.8- 

24.1 

Since  returning  from  overseas  duty,  are  you  easily 

confused  or  "rattled"? 

16.2 

55.6 

28.1 

Do  you  worry  about  things  or  conditions  that  you 

probably  ccn’t  change  anyway? 

Do  you  have  fears  which  seem  to  drive  you  out  of 
your  mind?  _ 

Ara  you  now  bothered  with  sleepless  nights? 

23.4 

13.7 

19.3 

,  53.8 

41.9 

52.3 

22.7 

44.2 

28.8 

Are  you  now  resUesa  or  not  able  to  alt  still? 

42.4 

45.9 

11.1 

Do  loud  or  sudden  sounds  make  you  Jumpy? _ _ _ 

40.2 

46.1 

13.8 

Do  you  feel- “blue”  or- depressed? _ 

21.2 

63.6 

15.2 

Do  you  become  hesitant  and  so  uncertain  of  yourself 
that  you  are  unable  to  make  a  decision  as  quickly 
as  you  think  you  should?  ... 

15.3 

53.9 

30.8 

3lnce  returning  from  combat  do  you  have  nightmares? 

10.0 

45.3 

showed  little  or  no  effect.  These  results  indicated  a  slightly 
greater  frequency  of  maladjustment  in  the  case  of  those  gunners 
than  in  the  case  of  the  gunners  reported  in  table  10.3.  On  the 
whole,  however,  there  is  close  agreement  of  the  results  obtained  in 
the  two.  studies.  .  i  ,  • 

Attitudes  indicative  of  combat  fatigue. — Rogers  gives  numerous 
examples  of  statements  of  gunners  which  show  different  degrees 
of  combat  fatigue.  Three  of  these  are  quoted  from  his  report; 
one  for  a  case  of  severe  strain,  one  for  a  case  of  moderate  strain, 
and  one  for  a  case  of  little  strain.  The  attitudes  expressed  by  the 
returnees  in  these  typical  statements  show  marked  differences;  • 

Attitudes  illustrative  of  marked  combat  strain: 

It  was  a  suicide  mission,  that’s  what  it  was.  We  sent  11  ships  from  our 
squadron  and  3  got  back.  I’ll  never  forget  tl.it  as  long  as  I  live!  To  tell  the 
truth,  I  still  dream  of  it  and  when  I  go  aroui  3,  I’ll  find  myself  day-dreaming 
ox  it.  When  I  was  home  on  furlough,  I  slept  with  my  brother  and  he  said 
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that  mission  antTwalked  out  o£  SJ^plan'e  ^coSdn'Malk  baclt  ltcm 

8oing  down  ail  around  you  and  youYn'rtiknXS  Ung  to  *  th.“n,PA 

Attitudes  indicative  of  modevate  combat  stvaim 

wifdoVJ  At^S'yoSc  !lad0whenr yoif  have but  tewlS 
the  end,  even  a  raid  over  France  no  lomrcr  looks  ensv 

last  roidTlvaa  n.StteSa'St  M  'J°“  eet  mn°  to'“  •*«*»«.  Onthl 

Attitudes  indicative  of  little  oy  no  s  tv  aim  v  » 

Of  course,  Z  was  scared  but  I  got  so  I  didn't  worry  too  much  Alter  * 
cou-plcofimrrw  escapes,  I  felt  that  if  I  had  come  through  those  I  would 
probably  last  for  50  missions.  It  did  make  me  pray  more  earnestly  and  eo 
to  church  more,  though  I've  always  been  a  good  Catholic.  earnestiy  am  e° 

Tin  conditions  of  combat  fatigue. — Rogers  also  attempted  to 
relate  the  severity  ana  occurrence  of  combat  fatigue  to  various 
other  factors  such  as  intelligence,  early  adjustment,  and  marital 
status.  In  general,  few  of  the  factors  seemed  to  be  of  great  im¬ 
portance  in  the  development  of  combat  fatigue,  except  for  the 
factor  of  early  adjustment.  (Early  adjustment,  in  this  case,  was 
determined  from  inspection  of  case  history  material.  Degree  of 
early  adjustment  was  judged  by  the  same  individual  who  diag¬ 
nosed  current  condition,  in  most  cases).  Intelligence  showed  a 
slight  negative  correlation  with  coriibat  strain  (that  is,  the  more 
intelligent  gunners  were  somewhat  less  likely  to  develop  combat 
fatigue) .  Marital  status  did  not  seem  to  be  a  very  important  fac¬ 
tor  although  some  degree  of  relationship  was  established.  Early 
adjustment,  on  the  other  hand,  had  a  definite  relationship  to  the 
presence  of  neurotic  symptoms.  This  relationship  is  indicated  in 
table  10.4.  . 

Table  10.4. — The  adjustment  of  ex-combat  gunners:  Relationship  between 

present  neurotic  symptoms  and  preservice  adjustment  (N—98  ex-combat 

gunners,  Buckingham,  January -February  19U)  ... 


Early  adjustment 


Current  neurotic  symptoms 


Hone  Moderate  I  Marked 


1  3  (5.0) 
10  (15.4) 
71  (63.5) 
84 


‘Tho  numbers  In  parentheses  arc  tbu  numbers  which  would  be  found  In  each  cell  If  puro 
chanco  were  the  only  factor  operating. 

The  problem  of  determining  the  conditions  favorable  for  the 
development  of  combat  fatigue  was  comp  icated  by  the  fact  that 
a  great  deal  of  variability  existed  in  the  am ,  tint  of  external  stress 
which  was  imposed  upon  different  individuals  in  combat.  This, 
of  course,  tended  to  obscure  factors  of  streng  h  or  weakness  which 
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may  have  existed  within  the  individual  gunner.  On  the  basis  of 
his  investigation,  Rogers  hypothesized  seven  factors  or  sources  of 
psychological  strength  in  combat.  These  were  not  considered  as 
factors  of  demonstrated  importance,  but  only  as  the  best  estimate 
of  a  qualified  observer  on  the  basis  of  an  extensive  investigation. 
Rogers’  definitions  of  these  factors,  together  with  his  comments 
about  them,  are  presented  verbatim.  r 

1.  A  high  degree  of  security  in  a  social  group.— The  individual  who  pot. 
sesses  this  characteristic  is  social,  cooperative,  loyal  to  his  crow,  his  team,  or 
his  group,  forms  strong  emotional  ties  to  the  members  of  the  group,  is 
congenial  with  them. 

2.  A  high  degree  of  eecurity  in  family  relationships. — The  jnan  who  ex¬ 
hibits  this  characteristic  has  strong  and  congenial  relationships  with  members 
of  his  own  family — parents,  brothers  and  sisters,  and/or  wife.  While  not 
unduly  dependent  upon  his  family,  there  is  a  strong  sense  of  support  and 
security,  of  psychological  backing.  In  some  instances,  men  who  show  this 
characteristic  do  not  rate  high  In  the  first  characteristic — that  is,  are  not 
particularly  social  or  cooperative.  In  other  instances  the  man  possesses  both 
types  of  security* 

3.  Security  in  religious  faith. — This,  in  its-  psychological  effect,  is  very 
similar  to  No.  2,  above.  The  man  feels  a  sense  of  support  and  psychological 
backing  from  the  forces  of  the  universe. 

4.  Independence. — This  characteristic  is  shown  by  the  man’s  economic' 
self-reliance,  earning  his  own  way  through  school,  starting  a  new  business,  or 
by  a  more  general  willingness  to  be  on  his  own,  to  undertake  responsible 
ventures.  It  may  seem  that  this  characteristic  is  at  variance  with  security 
in  the  family  and  the  group.  Actually,  it  is  probably  the  individual  who  is 
emotionally  secure  who  is  able  to  be  genuinely  independent. 

6.  Clear  purposes  and  goals. — It  seems. to  be  characteristic  of  the  men  who 
can  'take’  combat  that  they  are  men  who  are  clear  and  definite  in  their  per¬ 
sonal  purposes.  This  was  found  to  be  evident  in  ability  to  make  choices,  in 
definiteness  of  post-war  plans,  in  clarity  of  vocational  purposes,  and  the  like. 
It  probably  extends  to  clear  views  as  to  the  reasons  for  fighting  the  war,  but 
our  data -do  not  cover  this. 

6.  Superior  ability.— As  has  been  previously  mentioned,  there  seems  to  be 

a  slight  but  definite  tsadfchcy  for  the  man  of  superior  ability,  as  measured  by 
the  Army  General  Classification  Test,  i:o  withstand  combat  better  than  the 
man  of  lower  ability.  There  is,  of  course,  much  overlapping,  but  the  mean 
score  for  the  grouD  showing  little  strain  is  123,  f;.r  the  group  showing  much 
strain  is  116.  . 

7.  Constitutional  stability. — Many  of  the  gunners  rdio  withstand  combat 
show  a  tendency  to  be  more  stolid  physically  than  the  ■/'mbat  strain  group. 
They  do  not  react  easily  to  emotional  stimuli,  are  not  excitable. 

It  was  concluded  in  Rogers’  study  that:  *  ‘ 

These  are  the  traits  of  patterns  which  seem  to  characterize  the  group 
showing  few  effects  of  combat.  Not  every  trait  is  possessed  by  (.very  indi¬ 
vidual,  but  it  would  seem  possible  to  say  that  any  man  showing  fo.v  or  five 
of  the  above  characteristics  would  almost  certainly  go  through  combav  with  a 
minimum  of  strain.  Measures  could  be  devised  to  test  these  qualities  vith  a 
view  to  testing  and  improving  the  hypotheses  which  have  been  stated. 

There  were,  of  course,  many  cases  which  did  not  seem  to  fit.av 
of  these  hypotheses  too  clearly.  Rogers,  in  pointing  this  out,  cited 
the  case  of  an  individual  who  had  a  long  history  of  inferiority 
feelings,  especially  concerning  his  parental  relationships.  He 
never  made  a  satisfactory  adjustment,  prior  to  entering  military 
service,  and  had  failed  to  pass  the  Instructor’s  Cour.-e,  following 
his  return  from  combat.  Yet  of  his  combat  experience,  he  said: 
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Overseas  I  felt  fine.  I  was  scared  all  the  time,  but  I  felt  I  wasn't  depend* 
ent  upon  anyone.  And  then  my  parents  were  proud  of  me.  I  had  more  peace 
of  mind  over  there  than  X  bavo  had  sinco  my  return.  Ovor  thore  you  only 
worried  about  whether  you  would  be  killed.  Everything  seemed  so  damned 
simple. 


Although  exceptions  did  occur,  it  seemed  that  a  selection  of  indi¬ 
viduals  on  the  basis  of  the  characteristics  found  to  be  most  closely  - 
related  to  the  ability  to  withstand  combat  strain  would  prove  to 
be  profitable,  though  errors  in  selection  for  combat  effectiveness 
might  be  made  in  some  cases. 

In  summary,  as  a  result  of  their  combat  experience,  a  large  per¬ 
centage  of  combat  gunners  developed  some  degree  of  combat 
fatigue  or  allied  disorder.  These  psychological  disorders  per¬ 
sisted  after  the  gunner  had  returned  to  the  United  States.  Rig¬ 
orous  statistical  evidence  was  not  available  to  aid  in  determining 
individual  characteristics  conducive  to  the  development  of  mal¬ 
adjustment  in  combat.  Rogers’  seven  hypotheses  are  presented 
as  being  estimates  of  a  qualified  observer  .as  to  what  these 
characteristics  might  be.  *  • 

The  Problem  of  Reassignment  of  the  Returning  Gunner 

The  returned  gunner  represented  an  unusual  and  difficult  as¬ 
signment  problem.  His  prestige,  rank,  and  experience  qualified 
him  for  positions  of  responsibility  and  made  him  a  potentially 
valuable  individual  for  many  types  of  assignment.  On  the  other 
hand  his  rank  and  prestige  were  often  out  of  proportion  to  his 
ability.  Furthermore,  the  effects  of  combat  upon  the  returned 
gunner  were  often  such  as  to  lower  his  efficiency,  to  make  him 
less  willing  to  undergo  the  rigors  of  military  discipline,  and  to 
render  him  unfit  for  certain  types  of  assignment.  - 

Attitudes  toward,  the  returned  gunner. — The  reaction  which  the 
returnee  caused  in  many  zones  of  the  interior  stations  was  def¬ 
initely  unfavorable.  Representative  comments  from  officers  who 
dealt  with  these  men  were  taken  from  interviews  or  correspond¬ 
ence,  and  are  quoted  below: 


The  problem  of  discipline  is  indeed  serious.  Most  of  these . men  feel  that 
because  they  have  been  in  combat,  the  world  owes  them  a  living.  *  ... 

Many  of  these  men  have  created  problems.  In  the  first  place,  many  tna 
not  desire  to  hecome  instructors  and  still  do  not.  They  camo  here  vn.h 


“chip  on  their  shoulder.” 

Personally,  I  have  felt  that  some 
becoming  psychopathic  cases. 


of  the  combat  men  were  on  the  verge  of 


On  the  other  hand,  some 'of  the  attitudes  expressed  toward  ex¬ 
combat  gunners  were  extremely  favorable,  as  for  example: 


This  station  has  received  a  number  of  mei.  who  havereturned  from  o 
duty.  These  men  havo  done  a  remarkable  job  of  adapting ^h^elves  to rth  * 
new  surroundings  and  in  general  it  is  felt  bat  they  are  making  a .  j 
contribution  to  our  program. 


In  view  of  the  complaints  and  contradictory  attitudes  of  those  to 
whom  the  returned  gunners  were  assigned  for  duty,  several  inves¬ 
tigations  were  undertaken  to  determine  the  returnee's  attitude 
toward  reassignment 

Attitudes  of  returnees  toward  reassignment. — Probably  be¬ 
cause  no  effective  assignment  policies  were  in  effect  at  the  time 
when  the  first  of  the  ex-combat  gunners  returned  to  the  United 
States,  many  mlsassignments  were  made  in  the  early  period. 
This  had  the  effect  of  producing  dissatisfaction  among  the  re¬ 
turned  gunners,  which  in  turn,  very  probably  led  to  the  commonly 
expressed  opinion  that  returned  combat  gunners  felt  that  they  had 
done  their  part  towards  the  winning  of  the  war  and  that  for  them 
the  war  was  over.  The  findings  of  liogers’  study  in  which  the 
attitudes  of  100  returned  gunners  were  determined  indicated  the 
incorrectness  of  this  view.  According  to  the  results  of  this  study, 
the  overwhelming  majority  of  returning  gunners  indicated  a  de¬ 
sire  to  work  at  a  significant  job  in  the  army.  Forty-five  percent 
of  the  group  studied  indicated  a  strong  desire  to  contribute  to  the 
war  effort  by  working  on  an  important  assignment,  while  an  addi¬ 
tional  43  percent  indicated  a  moderate  desire  toward  the  same 
objective.  Only  11  percent  of  the  group  studied  conformed  to  the 
expressed  opinion  that  ex-combat  gunners  did  not  desire  to  con¬ 
tinue  their  contributions  to  the  war  effort. 

However,  when  the  returnee  was  placed  in  a  specific  assignment, 
his  satisfaction  with  that  assignment  had  a  tendency  to  be  low. 
This  was  partly  a  result  of  poor  assignment  policies.  In  liogers’ 
study  of  the  assignments  of  100  returned  gunners,  competent 
interviewers  judged  that  60  percent  of  the  individuals  studied 
were  poorly  assigned.  Hence,  it  was  not  too  surprising  when  the 
same  study  revealed  that  68  percent  of  the  ex-combat  gunners 
were  at  least  moderately  resentful  of  their  current  assignments. 
It  was  suspected,  however,  that  in  addition  to  simple  malassign- 
ment,  other  factors  were  operating  to  produce  dissatisfaction. 
Although  the  returnee  had  a  definite  feeling  that  he  wanteii  to 
contribute  his  knowledge  and  skill  in  some  way,  he  was  apt  to  be 
inclined  to  insist  upon  his  own  definition  of  the  conditions  under 
which  that  contribution  was  to  be  made.  In  addition,  it  was  likely 
that  many  returnees  favored  reassignment  in  a  general  sense,  but 
were  unable  to  face  a  specific  assignment  with  much  satisfaction. 
There  was  obtained,  nevertheless,  a  marked  correlation  between 
the  assignment  adequacy  and  theiattitude  toward  the  assignment, 
as  is  indicated  in  table  10.5.  Thi3  correlation  may  be,  in  partat 
least,  a  function  of  method  in  that  the  same  observers  determined 
both  adequacy  of  assignment  and  the  returnee’s  attitude  toward 
assignment 
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The  assignment  situation  seems  to  have  shown  an  improvement 
oy  the  time  the  following  study  of  assignment  satisfaction  was 
conducted  on  2659  returnees  at  a  somewhat  later  period;,  who  had 
been  given  various  assignments  in  the  training  air  forces. 

Question  11.  Which  one  of  the  following  best  descHbes  your 
major  duty  assignment  since  you  have  returned  to  the  U.  S.? 

57  percent  answered :  Instructor  on  flying  status.  ■ 

21  percent  answered :  Ground  instructor  in  gunnery,  Armament, 
**  radio,  etc. 

10  percent  answered:  Armament,  radio,  mechanic,  etc.  (ground 

duty  but  not  instructing). 

3  percent  answered:  Instructor  other  than  the  above  two 

types.  •  ' 

1  percent  answered:  Clerical  or  administrative. 

0  percent  answered:  Public  relations.  •  • 

1  percent  answered:  In  hospital.  , 

4  percent  answered:  No  assignment.  .  ,  . 

3  percent  answered:  Other  assignment. 


Table  10.5. — The  adjustment,  of  ex-combat  gunners:  Relationship  between 
assignment  and  attitude  toward  assignment  (N=100  ex-combat  gunners, 
Buckingham,  January-February  191,U) 


Attitude  toward 
asslLnment 

Very  poor 

Adequacy  of  assignment' 

- 

Poor 

Average 

Good 

Very  good 

Total 

Little  or  no  resentment — 

0 

7 

2 

13 

.  10 

:  ,  -32 

Moderate  resentment .  — 

0 

22 

9 

2 

1 

34 

Strong  resentment - 

'  14 

17 

3 

0 

0 

34 

Total.  -  . 

14 

.  40. 

14 

15 

11 

100 

Question  12.  In  your  opinion,  how  well  is  the  Army  now  mak¬ 
ing  use  of  your  ability  and  experience  other  than  in  combat  gun¬ 
nery,  i.e.,  your  military  or  pre-war  experience  such  as  armament, 
radio,  clerical,  administrative,  etc.?  '•  , 

25  percent  answered :  Best  use  of  my  ability  and.  experience. 

47  percent  answered :  Good  use  of  my  ability  and  experience.  _ 

16  percent  answered:  Very  little  use  of  my  ability  and  expe¬ 

rience. 

7  percent  answered:  No  use  of  my  ability  and  experience. 

5  percent  answered :  No  assignment  has  been  given  to  me. 

Considering  the  typical  training  of  combat  gunners,  the  answers 
to  Question  11  seemed  to  indicate  that  effective  use  of  the  training 
and  experience  of  these  men  was  being  made  in  their  post-combat 
Army  assignments.  The  answers  to  qu.  vtion  12  indicated  that  the 
returnees  felt  that,  whatever  other  conditions  might  obtain,  rea¬ 
sonably  good  use  was,  being  made  of  their  capabilities  in  the  great 
majority  of  cases. 
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Question  13.  Which  one  of  the  following  phrases  best  de¬ 
scribes  your  satisfaction  with  your  present  assignment t 
22  percent  answered:  Very  satisfactory. 

46  percent  answered:  Satisfactory.  '  ■ 

14  percent  answered:  Indifferent  * 

10  percent  answered:  Unsatisfactory. 

7  percent  answered:  Very  unsatisfactory. 

.  1  percent  No  response. 

The  distribution  of  answers  on  question  13  was  highly  similar 
to  the  distribution  obtained  on  question  12,  and  suggested  the  pos¬ 
sibility,  as  was  previously  found  by  Rogers,  that  job  satisfaction 
was  positively  correlated  with  assignment  adequacy.  This  same 
group  of  gunners  also  felt  that  they  were  performing  in  their 
postcombat  assignments  in  a  satisfactory  manner,  and  that  their 
work  was  of  a  high  degree  of  importance.  These  findings  are 
indicated  in  the  answers  to  questions  14  and  15,  below. 

Question  14.  How  well  do  you  think  you  are  performing  the 
duties  of  your  present  assignment  f 
6  percent  answered:  Outstandingly. 

6B  percent  answered:  Well.  *’*• 

•2ft  percent  answered:  Acceptable.  '  -r 
2  percent  answered:  Poorly. 

1  percent  answered:  Very  poorly.  ,  j 

2  percent  No  response.  '  ...  1 

Question  16.  Do  you  feel  that  your  services  as  a  combat  gun¬ 
ner  are  of  more  value  in  winning  the  war  than  the  services  y:.u 
are  performing  in  your  present' job ? 

13  percent  answered:  Services  as  a  combat  gunner  very  much  .  J 

more  valuable. 

10  percent  answered:  Services  as  a  combat  gunner  somewhat 

more  valuable.  .  •.  { 

35  percent  answered:  Services  as  a  combat  gunner  of  equal 

value  to  services  on  present  job. 

19  percent  answered:  Services  as  a  combat  gunner  somewhat 

less  valuable. 

20  percent  answered:  Services  as  a  combat  gunner  very  much 

less  valuable. 

3  percent  No  response. 

Some  question  may  arise  in  the  interpretation  of  question  15. 
Unquestionably  the  answers  to  this  question  reflected  self-instruc¬ 
tion  on  the  part  of  the  gunners  to  a  greater  extent  than  in  the 
case  of  most  of  the  other  questions,  since  answers  to  the  question 
may  have  been  interpreted  by  some  returnees  as  a  commitment  to  . 
return  to  combat.  However,  it  is  to  be  remembered  that  men 
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who  had  undergone  the  hardships  and  dangers  of  combat  would 
probably  have  been  inclined  to  overevaluate  rather  than  under¬ 
evaluate  the  values  of  their  combat  efforts.  Probably  the  beat 
interpretation  of  these  data  is  that  the  returnees  considered  their 
assignments  at  the  time  of  the  study  to  be  of  significant  Impor¬ 
tance.  » 

Attitudes  toward  a  second  tour  of  combat  duty . — Toward  some 
types  of  reassignment,  however,  returnees  indicated  definite  atti¬ 
tudes  of  withdrawal.  Particularly  distasteful  to  the  majority  of 
these  men  was  the  prospect  of  an  assignment  to  a  second  tour  of 
combat  duty.  Some  of  the  data  which  indicated  the  distaste  with 
which  returnees  viewed  such  an  assignment  have  been  presented’ 
earlier  in  this  chapter  (pp.  262  to  265).  The  attitude  toward  a 
second  tour  of  duty  seemed  to  have  been  most  greatly  influenced  . 
by  the  reactions  of  the  gunner  during  his  first  tour.  Those  re¬ 
turnees  in  the  Personnel  Distribution  Command  stations  who  ex¬ 
perienced  the  greatest  or  most  frequent  fear  during  their  first 
tour  were  definitely  less  willing  to  return  for  a  second  tour  than 
were  those  gunners  who  experienced  little  or  infrequent  fear  dur¬ 
ing  their  first  combat  assignment.  These  relationships  are  shown 
in  tables  10.6  and  10.7.  Those  gunners  who  had  suffered  from, 
operational  fatigue  during  their  first  tour  of  combat  duty  also 


Table  10 .ti.—The  relationship  between  strength  of  fear  on  the  first  tour  of 
combat  duty  and  the  desire  to  return  for  a  second  tour  (N—H66  returnee 
gunners  at  AAF  Personnel  Distribution  Command  Stations,  May-Julg  1944) 


Deere#  of  willingness  to  return  for  second  tour*  ‘ 


Strength  of  fesr  on  first  tour* 


Never  experienced  any  fear  In 
combat.  N  ss  23 - - - 

Weaker  than  como  other  fears. 
N  =:  242 - - - 

About  the  same  ns  tho  strongest 
fear  I  ever  felt  In  another  sit¬ 
uation.  N  =  615 - 


Somewhat  stronger  thao.  any  oth¬ 
er  fear.  N  ss  587 - - - 

Very  much  stronger  than  any  oth- 


Very 

willing 

Moderately 

willing 

Willing 

Moderately 

unwilling 

Vary 

unwilling 

Percent 

Percent 

Percent 

Percent 

Percent 

39 

,22 

IS 

22 

4 

19 

30 

22 

14 

f 

15 

13 

t  31 

20 

20 

»  « 

1* 

9 

-  25 

19 

28 

19 

6 

1C 

IS 

30 

30 

i  In  answer  to  tho  question ;  How  did  the  fcara  you  experienced  la  combat  compart  with 
ether  fears  that  you  have  had- In  your  life? 

*Vcry  willing:  Volunteer  to  return  (Immediately  or  after  a  rest  of  six  aontha 

Moderately  willing:  No  objection  to  return  after  u  reasonable  rest  (9  to  12  months) 

Willing:  Wining’ to  return  after  all  trained  toon  still  In  V,  8.  have  bet* 

Medorately  unwilling:  Desire  to  continue  noncombat  flying,  but  could  not  retur*  to 
Very  unwilling:  Would1  prefer^ nondying  duty  In  this  country. 
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proved  to  have  attitudes  indicating  a  reluctance  to  return  for  a 
second  tour.  This  relationship  is  presented  in  table  10.8. 

Minor  factors  which  seemed  to  have  a  slight  influence  upon  the 


TABI.E  10.7. — The  relationship  between  frequency  of  fear  on  the  first  tour  of 
combat  duty  and  the  desire  to  return  for  a  second  tour  (N=2469  returnet 
gunners  at  AAF  Personnel  Distribution  Command  Station,  May-Juty  ISM) 


Degree  ot  willingness  to  return  tor  second  tour* 


Frequency  of  fear  on  first  tour* 

Very 

willing 

Moderately 

willing 

Willing 

Moderately 

unwilling 

Very  1 
Unwilling 

* 

Percent 

Percent 

Percent 

Percent 

Percent 

Thret  time#  or  !«*«.  N  =  896 — 

IS 

29 

18 

20 

15 

About  V4  of  the  time. 

N  =  332.. 

12 

29 

22 

19 

IS 

About  Vi  of  the  time. 

N  =  374— 

11 

19 

23 

27 

20 

About  Vi  of  the  time. 

N  =  353.. 

T 

21 

19 

27 

2< 

Almost  every  time.  N 

=  832 _ 

< 

.21 

18 

28 

27 

Rrarr  time.  N  —  3*2. 

8 

19 

■  17 

31 

27 

1  In  answer  to  the  question :  How  many  times  did  you  feet  atraid  while  flying  on  combat 
missions!  ’  t'  .  ,  ,  , 


•Wexj  willing: 
Moderately  willing: 
Willing: 

Moderately  unwilling: 
Very  unwilling: 


Volunteer  to  return  (Immediately  or  alter  a  rest  of  tlx  months 
or  ao). 

No  objection  to  return  after  a  reasonable  rest  (9  to  12  months) 
In  TJ.  8. 

Willing  to  return  after  all  trained  men  still  in  U.  8.  have  been 
sent. 

De>!re  to  continue  noncoabat  flying,  but  could  not  return  to 
combat  flying. 

Would  prefer  nonflying  duty  in  this  country. 


Table  10.8. — The  relationship  between  n ccurrence  and  severity  of  operational 
fatigue  on  the  first  tour  of  combat  duty  and  the  desire  for  a  second  tour 
(N—2466  returnee  gunners  at  AAF  Personnel  Distribution  Command  Sta¬ 
tions,  May-July  ISM) 


Operational  fatigue 

Degree  of  willingness  to  return  for  second 

to-xr 1 

Very 

willing 

Moderately 

willing 

Willing 

Moderately 

unwilling 

i  Ve.v 
unwllliv; 

Percent 

Percent 

Percent 

Percent 

Percent 

Did  not  have  operational  fatigue. 

N  — 1589. 

11 

25 

21 

24 

19 

Operational  fatigue  with  no  treat- 

•_ 

) 

ment  other  than  leave.  N  = 

423... 

7 

22 

16 

29 

28 

Treated  In  hospital  or  rest  home 

for  operational  fatigue.  N  = 

474  .... 

: 

8 

17 

18 

27 

32 

‘Very  willing: 
Moderately  willing: 
Willing: 

Moderately  unwilling: 
Very  unwilling: 


Volunteer  to  return  (Immediately  or  after  a  rest  of  six  month* 
or  so). 

No  objection  to  return  after  a  rea  enable  rest  (6  to  12  months) 
in  U.  S.  • 

Willing  to  rctvrn  after  all  trained  men  still  In  U.  S.  have  be<* 
sent. 

Desire  to  continue  noncombat  fly  ig,  but  could  not  return  t* 
combat  flying. 

Would  prefor  nonflying  duty  In  tblj  country. 
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willingness  of  returnees  to  undertake  a  second  tour  of  combat 
duty  are  listed  below: 

1.  Younger  gunners  were  more  willing  to  return  for  second  tour  than 

older  gunners. 

2.  Single  gunners  were  more  favorable  toward  return  than  married  gunners. 

3.  Opposition  on  less  than  half  of  the  missions  had  a  slightly  favorabl* 

influence  on  the  attitude  toward  return. 

4.  There  was  a  slight  relationship  between  losses  in  a  gunner’s  organiza¬ 

tion  and  his  attitude  toward  return.  Those  gunners  who  had  belonged 

to  outfits  whose  losses  were  heavy  were  slightly  less  willing  to  return 

for  a  second  tour. 

5.  If  more  than  two  men  were  killed  in  the  gunner’s  plane  during  his  first 

tour,  his  attitude  toward  combat  was  somewhat  less  favorable. 

6.  If  relatively  few  of  a  gunner's  friends  were  killed  on  his  first  tour,  ha 

was  slightly  more  favorable  toward  return  than  if  many  of  his  friends 

had  been  killed, 

On  the  other  hand,  several  factors  which  would  have  appeared  . 
to  have  significance  in  the  establishment  of  attitudes  toward  com¬ 
bat  were  found  to  have  little  actual-importance.  •;  ■ 

1.  Enlisted  men  who  were  wounded  or  injured  were  just  as  willing  to 

return  to  combat  as  others  who  were- not  wounded  or  injured. 

2.  The  number  of  missions  flown  on  the  first  tour  seemed  to  have  little 

influence  on  the  attitudes  toward  return. 

3.  There  was  little  relationship  between  the  number  of  combat  hours  flown 

on  the  first  tour  and  attitudes  toward  return  to  combat.  ■  v . 

In  summary,  the  assignment  of  the  first  returnees  did  not  seem 
to  have  been  as  adequately  handled  as  in  the  case  of  those  who 
returned  later.  This  tendency  toward  malassignment  had  the 
effect1  of  provoking  hostile  attitudes  on  the  part  of  the  returned 
gunners,  many  of  whom  were  suffering  from  the  persistence  of" 
combat  maladjustments.  The  great  majority  of  combat  gunners 
wished  to  be  assigned  to  significant  work  upon  their  return  from 
combat.  Thera  was  some  difficulty,  however,  for  these  men  in 
adjusting  to  specific  assignments.  On  the  whole,  after  the  earliest 
period,  returnees  received  assignments  which  they  felt  to  he  sig¬ 
nificant  and  which  used  their  .capabilities,  at  least  to  a  reasonable 
degree.  Most  of  the  returnees  at  this  period  expressed  satisfac¬ 
tion  with  their  new  assignments.  Some  types  of  assignment,  how¬ 
ever,  were  viewed  unfavorably  by  the  returnees.  Chief  among 
these  was  the  assignment  to  a  second  tour  of  duty ,  to  which  the 
great  majority  of  ex-combat  gunners  reacted  with  a  strong  nega¬ 
tive  attitude.  Those  gunners  who  had  been  most  frightened  on 
their  first  tour  of  duty,  as  well  as  those  who  had  been  most  fre¬ 
quently  frightened,  were  the  most  reluctant  to  accept  a  second 
tour  assignment.  A  number  of  other  factors  had  a  lesser  influ¬ 
ence  upon  attitudes  toward  return  to  combat. 

'Attitudes  of  the  Gunner  toward  Military  tyiscipline 

In  connection  with  a  study  to  determine  the  feasibility  of  using 
combat  gunners  a3  flexible  gunnery  instructors,  Rogers  made  an 
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investigation  of  the  attitudes  of  returnees  toward  military  disci¬ 
pline.  In  his  analysis  of  100  ex-combat  gunners,  he  found  that 
these  gunners  unanimously  noted  the  difference  between  disci¬ 
pline  in  overseas  bases  and  the  more  formal  discipline  practiced 
on  stations  in  the  United  States.  The  returned  gunner  pictured  j 
the  overseas  situation,  with  respect  to  discipline,  as  being  a  less  j 
formal  one;  one  in  which  soldiers  were  motivated  toward,  their 
duty  by  a  sense  of  responsibility  rather  than  by  a  more  formal 
system  or  command.  The  returned  gunners  were  in  complete 
agreement  that,  overseas,  the  niceties  of  military  courtesy  and 
discipline  were  greatly  minimized.  They  were  almost  completely 
unanimous  (99  percent)  in  regarding  this  overseas  situation,  with 
its  emphasis  on  responsibility  rather  than  on  command,  as  being 
much  more  effective  in  terms  of  job  accomplishment.  It  was  plain  I 
that  many  of  them  questioned  the  efficiency  of  the  stress  upon 
formality  within  the  United  States.  Other  returnees,  however, 
believed  that  a  more  rigid  approach  was  necessary  (in  their 
minds,  unfortunately  necessary)  in  this  country  because  of  the 
larger  numbers  of  men,  and  because  purposes  and  objectives  were 
not  as  clear  in  the  zone  of  the  interior  as  they  were  in  combat. 

A  considerable  portion  of  the  men  were  definitely  resentful 
toward  what  they  regarded  as  an  excess  of  military  formality  in 
this  country.  Of  the  100  men  interviewed,  23  percent  were  found 
to  be  strongly  resentful,  40  percent  moderately  resentful,  and  31. 
percent  only  slightly  resentful.  In  6  percent  of  the  cases,  the  . 
attitude  toward  formal  discipline  was  not  determined.  '  . 

-  Since  these  conclusions  were  reached  by  means  of  an  unstand¬ 
ardized  interviewing  technique,  no  standardized  answers  were 
received  which  could’ be  subjected  to  a  rigorous  statistical  analy¬ 
sis.  However,  Rogers  listed  a  nui-iber  of  statements  quoted  from  ■ 
returnees,  which  he  used  to  illustrate  attitudes  of  strong,  moder¬ 
ate,  and  little  resentment  toward  the  restrictions  imposed  by 
military  discipline.  Several  of  these  statements  a>a  quoted  below. 

Attitudes  of  strong  resentm&nt  toward  military  discipline: 

There’s  a  good  deal  of  difference  between  overseas  and  he„\.  Over  there 
the  officers  are  more  friendly,  they’re  not  trying  to  be  better  tha\  the  enlisted 
man.  The  enlisted  men  are  just  as  important  as  the  officers  Discipline 
was  really  better  there  than  here.  The  men  did  things  because  wanted 
to  and  not  because  they  were  ordered  to.  Our  first  CO  was  a  young  .’ellow, 

23  years  old,  who  was  later  killed.  He  would  play  foolball  with  us  an\  join 
right  in.  We  called  him  by  his  first  name.  But  when  he  was  with  o.her 
officers  we’d  salute  him  and  give  him  respect.  Back  here,  though,  some 
cers  are  very  petty.  I  heard  one  officer  bawling  out  a  combat  man,  pounding  . 
on  his  desk  and  saying,  “This  is  war!”  How  dees  ha  know  it? 

I  don’t  like  this  military  courtesy  stuff.  Af';er  you  come  back  it  makes 
you  mad.  I  don’t  want  to  go  through  what  a  ro:-kie  goes  through.  I  hate  to 
have  some  Pfc.  barking  at  you:  “You  fellows  think  you’re  smart  because 
you've  been  overseas.” 
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Attitudes  of  moderate  resentment  toward  military  discipline i 

I  believe  that  an  organization  con  bo  run  more  efficiently  without  a  lot  of 
“boy"  stuff  such  as  being  "gigged”  for  a  match  on  the  floor.  After  you  have 
been  on  50  combat  missions,  it  is  hard  to  see  how  having  an  exact  order  for 
hanging  your  clothes  is  going  to  kill  another  Jap. 

Overseas  they  respect  a  man.  Here  they  don't  give  a  damn  about  him. 

Over  there  you  salute  colonels,  of  course,  but  in  your  own  squadron  an  officer 
would  just  as  likely  as  not  thumb  his  nose  at  you  if  you  saluted  him.  I  don't 
find  it  too  hard,  though,  to  $ct  back  into  the  system  here.  The  trouble  with 
combat  men  is  that  they  think  they’ve  been  through  it  and  are  better  than 
anyone  else.  , 

.  ’  "  '  /.i.,  *?**«'**i**  I  i  ' 

Attitudes  of  little  or  no  resentment : 

In  my  crew  there  were  four  officers  and  three  enlisted  men.  We  trained 
as  a  crew,  and  got  to  know  each  other  here  in  the  States.  When  we  flew,  all 
rank  was  barred.  We  slept  together,  ate  together,  and  the  officers  stood  in 
the  chow  line  with  us.  The  colonel  very  often  helped,  serye  chow.  ’  Everyone  * 
did  their  work  and  we  got  along  fine.  I  like  that  better,  but  I  don’t  find  it 
hard  to  get  back  into  camp  life  here.  •  •  -  '< 

#  *  *  y*J  1  «i 

In  summary,  it  may  be  said  that  the  combat  returnees  who  were  , 
studied  invariably  noted  the  difference  between  overseas  bases  and 
United  States  bases  with  respect  to  the  amount  of  formal  military 
discipline.  A  very  large  majority  of  the  gunners  resented  the 
imposition  of  a  more  formal  system  of  discipline  following  their 
return  from  combat.  Almost  all  of  these  returnees  were  inclined-  _ 
toward  a  belief  that  a  less  formal  disciplinary  system  would  have 
been  more  effectve  in  terms  of  job  accomplishment.  There  were, 
however,  no  experimental  data  which  bore  upon  this  problem  in  * 

the  military  situation. •  ■  ‘  '  . '  ■  ■'*.  ’■> 

.  .  ’i-  *  ;•  *K  / 

Altitudes  of  Gunners  toward  the  War  and  the  Civilian  War  Effort 

Attitudes  toward  the  war. — Although  there  was  conceivably 
some  doubt  as  to  die  actual  nature  of  the  issues  involved  in  the  , 
recent  war,  the  certainty  with  which  the  soldiers  believed  in  the 
cause  for  which  they  fought  was  probably  an  index  of  their  willing¬ 
ness  to  participate  in  the  war  effort  to  the  fullest  extent  of  their  * 
capacity  and  was  probably  one  of  the  conditions,  of  their  ability 
to  withstand,  the  stresses  of  combat.  Unfortunately,  very  little 
was  found  out  about  the  flexible  gunner’s  beliefs  concerning  the 
reasons  for  the  war.  The  data  which  were  available,  however, 
seemed  to  indicate  that  the  majority  of  the  gunners  had  some  idea 
of  the  importance  of,  and  the  necessity  for,  the  war.  Whether  • 
these  beliefs  were  correct  or  .incorrect,  could  not,  of  course,  be 
stated.  But  the  fact  of  the  belief,  itself,  was  important  in  terms 
of  the  soldier’s  motivation' for  combat 
One  hundred  gunnery  school  graduates  were  asked,  shortly . 
after  their  graduation  from  flexible  gunnery  training: 10  , 


’*  Op.  ett,,  footnoto  3. 


Question  16.  As  far  as  1  am  concerned  personally,  I  am  fight¬ 
ing: 

44  percent  answered:  For  very  Important  and  long  time  goals 

which  I  see  clearly. 

28  percent  answered :  Primarily  to  get  back  home. 

20  percent  answered:  For  goals  that  are  probably  important, 

but  about  which  I  am  not  too  clear. 

5  percent  answered:  Merely  because  I  have  to. 

1  percent  answered:  Simply  because  others  are  fighting;  the 

reasons  are  not  actually  clear  to  me. 

2  percent  Failed  to  answer  the  question. 

These  results  indicated  that  nearly  half  of  the  gunners  felt  the 
importance  of  the  war  in  terms  of  specific  goals  which  the  winning 
of  the  war  could  help  to  achieve.  Another  20  percent  of  the  gun¬ 
ners  felt  that  the  goals  were  important,  and  hence  that  the  war 
was  necessary  to  the  welfare  of  the  nation,  even  though  they  were 
unable  to  formulate  those  necessities  for  themselves.  Thus,  about 
two-thirds  of  the  pre-combat  gunners  maintained  an  attitude 
which  probably  tended  to  increase  their  morale  and  willingness 
to  participate  in  the  war  effort  to  the  full  extent  of  their  ability. 

Returned  gunners,  however,  did  not  seem  to  have  ideas  on  this 
subject  which  were  as  clearly  formulated  as  were  the  concepts  of 
the  pre-combat  gunners.  In  a  study  of  100  returnees,  Rogers 
dealt  with  this  problem  at  a  descriptive  level.  In  view  of  the 
importance  of  this  subject,  Rogers’  findings  are  presented  below, 
in  full.  ■  *  .  -•  ■  -  * 

Unfortunately,  the  question  of  motivation  for  war  was  not  madea  topic  of 
regular  investigation,  and  the  only  evidence  which  was  gained  is  that  which 
came  spontaneously.  No  conclusions  can  be  drawn  from  the  data  which 
follow,  but  they  suggest  that  for  a  considerable  group,  the  purposes  of  the 
war  were  not  clear,  and  the  motivation  for  combat  wa  j  far  from  satisfactory. 

The  following  comments  by  the  men  deserve  careful  consideration.  Some 
of  the  men  stress  their  general  uncertainty  as  to  the  basic  reasons  for  fighting 
the  war. 

I  never  did  figure  out  exactly  what  the  war  is  about,  and  I  probably 
never  wilL  • 

I  don’t  think  either  the  gunners  or  the  officers  have  any  res!  idea  of 
what  we  are  fighting  for.  We  are  all  too  remote,  I  guess,  lv  soake* 
better  fighting  men  to  have  strong  motivation.  There  was  a  Rlish 
squadron  in  England  that  was  just  dying  to  fight  the  Germans.  lW 
had  to  ration  their  gas  to  keep  them  from  crossing  the  channel  to  get  .i 
the  Germans  in  their  little  training  planes  with  one  .30  caliber  gun. 
When  you  have  a  group  that  wonts  to  fight  like  that.  I  think  they  have 
fewer  casualties  than  we  do. 

On  furlough  I  was  kind  of  put  out.  People  go  around  as  though  there 
is  no  war  or  anything.  Of  course,  I  used  to  ask  mysvlf  overseas  what  I 
was  fighting  for  and  I  'didn’t  know,  except  to  get  back  home  alive. 

The  question  of  whether  the  fellows  know  what  th-y  are  fighting  for 
is  a  stickler.  They  don’t  talk  rau-.h  about  it;  they  are  definitely  out  to 
finish  it  quick  and  get  home.  Some  of  them  get  pr-tty  cynical  as  to 
vhat  it’s  all  about 
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A  few  of  the  men  were  cynical  or  mercenary,  or  both:  ‘ 

I'm  only  21  years  old  and  at  this  time  rainbow  colored  dreams  don’t 
seem  attractive.  I  wasn’tfighting  for  ideals  or  democracy,  I  simply  did 
it  for  tho  same  reason  I  joined  the  Army  in  peace  time.  I  like  gun*  and 
I  enjoyed  combat  I  fought  for  $173.60  a  month  and  nothing  else. 

The  need  of  helping  gunners  form  clearer  ideas  as  to  why  they  are  fighting 
and  what  they  are  fighting  for,  is  all  too  apparent  from  these  quotations. 
The  material  la  doubly  significant  when  it  is  recalled  that  many  of  these  men 
were  volunteers  rather  than  selectees,  and  that  all  of  them  had  volunteered 
for  the  gunnery  program.  It  would  seem  that  their  motivation  might  b« 
stronger  than  that  of  men  now  going  through  the  program.* 

Unfortunately,  Rogers  was  not  able  to  indicate,  from  his  data, 
the  percentage  of  returned  gunners  who  expressed  ideas  similar  to 
those  quoted  above.  It  appeared,  however,  that  returnees  were 
more  inclined  to  question  the  basic  values  of  the  war  than  were 
precombat  gunners. 

Attitudes  toward  the  civilian  war  effort. — As  in  the  case  of  the 
attitudes  toward  the  war,  little  evidence  was  obtained  concerning 
the  gunner’s  attitude  toward  the  civilian- war  effort.  That  some 
dissatisfaction  with  the  civilian  war  effort  did  exist,  at  least 
among  returnees,  was  indicated  by  the  answers  given  by  2,659 
ex-combat  gunners  in  training  air  forces  stations  to  the  following 
question:  . 

•  *  *  '  <  ;  *  • 

Question  17.  Which  one  of  the  following  conditions  in  the 

U.  S.  arc  you  most  dissatisfied  with ?  .  ?. 

31  percent  answered:  The  attitude  of  military’  personnel  who 

have  never  been  overseas.  , 

12  ,percent  answered :  The  general  attitude  of  civilians  to  mili¬ 
tary  personnel 

19  percent  answered:  The  attitude  of  labor  in  this  country. 

16  percent  answered:  The  nature  of  military  courtesy,  disci¬ 
pline,  and  training  in  this  country.. 

6  percent  answered :  The  attitude  of  business  and  industrial  ■ 

management  in  this  country. 

2  percent  answered:  Rationing. 

2  percent  answered :  My  own  family  relationships.  ■ 

12  percent  answered :  Not  dissatisfied  with  any  condition  in  the 

u.  s.  . 

These  answers  indicated  a  certain  amount  of  antagonism  toward 
the  civilian  population  of  the  country.  That  a  share  of  the  unfav¬ 
orable  attitudes  was  related  to  the  gunner’s  attitude  toward  the 
civilian  war  effort  was  indicated  by  the  fact  that,  of  the  returnees 
studied,  37  percent  were  dissatisfied  wit’*  the  civilian  population* 
and  of  these,  25  percent  expressed  dissatisfaction  with  the  civilian 
war  effort  directly.  .  . 

“This  study  was  made  la  January  and  February 
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Further  evidence  of  dissatisfaction  with  the  civilian  war  effort 
was  contained  in  Rogers'  study  of  100  returned  gunners.  He 
found  11  percent  of  these  gunners  to  be  strongly  critical  of  the 
civilian  war  effort,  21  percent,  to  be  moderately  critical,  and  41 
percent  to  be  relatively  satisfied.  Attitudes  toward  the  war  effort 
were  not  determined  in  27  percent  of  the  cases,  however^  Rogers 
gives  examples  of  gunners’  statements  regarding  the  civilian  war 

effort,  four  of  which  are  quoted  belpw.:.  .  . 

,•  -  •  *  *.'*»•"*  ' 

Statements  indicative  of  a  strongly  critical  attitude: 

I  think  the  best  damn  thing  we  could  do  is  bomb  half  a  dozen  towns  here! 
The  people  don’t  know  there’s  a  war  on !  If  they  had  seen  the  people  over 
there — they  think  they  do  without  things  in  this  country,  but  if  they  had  seen 
the  people  over  there!  They  Just  don’t  know  how  swell  it  is  .over  here!  Wo 
take  so  many  things  for  granted.  ;  ‘  ’* 

At  home  I  went  to  a  football  game — I’ve  always  enjoyed. ’em.  But  all  that 
life  and  gaiety  and  luxury — it.  just  makes  you  so  mad.  I  never  even  noticed 
half  the  game,  I  just  got  madder  and  madder — even  though  I  know  they  can’t 
helj>ii.f>.'  <  '  . .  ’i.  >.•  . '■  * 

Statements  indicative  of  d  moderately  critical  attitude:  ,  * 

People  are  too  optimistic.  It’s  going  to  be  long  and"  rough.  . 

My  home  town  seemed  very  normal.  I  was  not  favorably  impressed  by  the 
free  spending- and  general  luxury.'  Miami -Bea^h,  was  ..especially  disgusting. 

I  think  it's  a  poor  place  to  have  men  come  home. 

#  *  •  II*  :  ‘  % 

,  Although  little  evidence  .was  available  concerning  the  attitudes 
of  gunners  toward  the  war,  it  seemed  clear  that  a' wide' difference 
in  beliefs  and  attitudes  on  this  subject  was  to  be  found  among  the 
gunners."  There- was  some  evidence  to-  indicate  that  'precombat 
gunners  tended  to  have  had' fairly  well  formulated  ideas  concern-' 
ihg  the  reasons  for  the.  war  and' the  importance"  of  the  issues  at 
stake.  The  data  suggested  the  possibility  that  postcombat  gun¬ 
ners  were"  in  more  doubt  concerning  the  reasons  for' the  War,  and 
that- ’the  importance  of  the  issues  ’  involved"  was  in 'more  doubt 
among  the  members  of  this  group.’ ,-’  - 

•Attitudes  toward  the  civilian  war  effort  were  determined  sys-  } 
tematically  only  among  returned  combat  gunners..  In  this  group 
it  appeared  that  there  was  a  considerable  degree  Of  dissatisfac¬ 
tion  with  the  civilian  war  effort.  It  appeared,  hiov'ever,  that  this 
dissatisfaction  ’was  based  more  upon  the"  cofnplv.cency  of  the 
civilians  and  their  habits  of  indulgence  than  upon  ;n  actual  lack 
•of.  effort  on  their  part  to  perform  their  share  of  the  work  of  war. 

til  u's  :,>■:*  »"  .  ‘  i  .  J.  .!  i'  ... .  /  f'< 

....  ....  .  SUMMARY  .....  ,  ,  ......  . 

-  The,  typical'  gunnery  school  student  felt  at  least-  i  moderate 
degree  of  satisfaction  with  his  gunv.ery  assignment.  During  his 
training, -diis  attitude  toward  his  status  asm  flexible  gu*  net*  tended 
to  become  even  more  favorable.  At  this  state  of  his  career,  ‘the 
gunner  was  impressed  with  the  significance  and  im,\irtapce  of 


I 


",  \ 


the  gunnery  task.  His  motivation  for  combat  was  high,  both  as 
indicated  by  his  answers  to  direct  questions  and  as  shown  by  his 
attitudes  toward  the  reasons  for  and  the  necessity  of  fighting  the 
war.  He  had,  at  this  time,  a  favorable  and  relatively  uncritical 
attitude  toward  the  adequacy  of  his  gunnery  training. 

Combat  experience  proved  to  be  frightening  and  unpleasant 
for  the  average  gunner.  This  unpleasantness  was  firmly  based, 
upon  objective  standards  of  combat  stress,  such  as  the  number  of 
friends  killed,  the  number  of  crew  mates  killed  or  wounded,  the  • 
incidence  of  wounds  and  injuries  among  the  returnees  themselves, 
and  so  on.  One  result  of  these  combat  experiences  was  that  a 
relatively  large  percentage  of  gunners  came  at  some  time  to  suffer- 
from  some  form  of  combat  or  operational  fatigue,  at  least  to  some 
degree.  The  occurrence  of  combat  fatigue,  as  studied  among 
returnees,  seemed  to  be  related  to  several  factors  within  the  gun¬ 
ner  as  well  as  to  the  amount  of  externally  imposed  stress.  Pre¬ 
diction  of  combat  fatigue  could  be  made  most  adequately  on 
evidence  of  precombat  maladjustment.  x 

The  typical  returnees,  as  an  additional  and  related  result  of 
combat  experiences,  gave  expression  to  attitudes  which  were  ' 
somewhat  at  variance  with  the  attitudes  expressed  by  precombat 
gunners.  The  majority  of  returnees,  for  example,  indicated  an  ' 
aversion. to  further  combat  duty  whereas  precombat  gunners 
typically  indicated  a  desire  for  combat,  even  in  excess  of  a  single  ■ 
tour  of  duty.  Combat  gunners  and  returnees  were  also  inclined 
to  be  more  critical  of  the  adequacy  of  the  gunnery  training  which  * 
they  had  received.  This  critical  attitude,  most  often,  took  the 
form  of  constructive  suggestions  which  were  potentially  valuable, 
with  some  exceptions,  in  improving  the  flexible  gunnery  training 
program.  There  were  also  indications  that  the  excombat  gunners 
were  less  sure  than  precorabat  gunners  of  the  reason  for  and  the 
necessity  of  fighting  the  war. 

Upon  returning  from  combat  the  average  gunner  had  a  favora-  . 
ble  attitude  toward  reassignment  to  some  important  duty  (with 
the  exception  of  combat  duty,  as  noted  above).  There  was  evi¬ 
dence  that  the  first  returnees  were  malassigned  in  many  cases. 
This  type  of  malassignment  undoubtedly  contributed  to  the  atti¬ 
tudes  of  resentment  and  hostility  expressed  by  these  men.  At  a  . 
somewhat  later  period,  however,  returnees  were  given  more  ade¬ 
quate  assignments.  During  this  period,  the  returnees  indicated 
attitudes  of  satisfaction  in  their  new  assignments  and  belief  in 
the  importance  of  their  new  tasks.  * 
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PRINCIPLES  AND  PROCEDURES 

Chapters  five  through  nine  of  this  report  have  summarized 
specific  research  projects  which  may  be  presumed  to  have  con¬ 
tributed  to  the  improvement  of  gunnery  training  programs. 
Psychologists  in  gunnery  were  directly  responsible  for  giving  as-' 
sistance  in  the  overall  planning  of  training  through,  three  different 
types  of  activities.  The  first  of  these  was  to  give  direct  assistance 
to  gunnery  personnel  in  the  development  of  training  programs,  as 
by  outlining  curriculums,  preparing  training  manuals,  assisting, 
in  the  development  of  training  aids,  investigating  instructor-stu¬ 
dent  ratios,  and  similar  activities..  This  work  was  broad  in  scope, 
more  or  less  operational  in  nature,  and  not  particularly  suitable 
for  detailed  treatment  in  a  summary  of  research.  It  will  not  be 
reported  here.  The  second  type  of  activity  was  concerned  with 
the  formulation  of  principles  which  might  assist  in  achieving 
more  consistent,  more  purposeful  training  programs.  These  prin¬ 
ciples  grew  out  of  the  application  of  psychological  techniques  to 
specific  gunnery  problems,  and  they  developed  into  a  common 
viewpoint  as  to  objectives  and  procedures,  which  viewpoint  came 
to  be  shared  by  most  of  the  men  responsible  for  planning  gunnery 
training.  Some  of  these  principles  are  reported  below.  The 
third  type  of  activity  involved  the  development  and  evaluation  of 
experimental  training  programs,  and  the  evaluation  of  programs 
in  operation.  The  major  part  of  this  chapter  is  comprised  of 
summaries  of  such  studies. 

Diversity  of  Gunnery  Training 

Planning  for  the  training  of  gunners  was  complicated  by  two 
circumstances.  First,  gunnery  chant  1  with  great  rapidity  dur- 
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in g  a  brief  span  of  4  years.  Second,  there  was  not  one. type  of 
gunnery  but  several.  Both  of  these  factors  should  be  examined 
more  closely  for  they  are  important  in  understanding  efforts  that 
were  made  to  improve  gunnery  training.  < '  "  <■•  /  ' 

’  Changes  in  gunnery. — Gunnery  changed  rapidly  with  the  devel¬ 
opment  of  new  equipment  and  with  the  formulation  of  new  proce¬ 
dures  for  using  equipment.  Sight  and  turret  combinations 
changed  frequently,  only  one  sight-turret  combination  remaining 
standard  equipment  throughout  the  war.  Early  bombers  were 
equipped  mostly  with  hand-held  guns  mounting  iron  ring-and-post 
sights.  On  later  bombers,  most  hand-held  guns  were  replaced  by 
turret-mounted  guns,  and  the  hand-held  positions  which  remained 
were  enclosed  and  were  provided  with  mechanical  sights.  Early 
turrets  carried  optical  sights;  later  turrets  carried-  mechanical 
sights.  Remote  control  turrets,  incorporating  entirely  new  prin¬ 
ciples  of  gunnery,  were  developed  for  the  B-29.  To  one  position 
on  the  B-29,  radar  aids  to  aiming  were  added.  Finally,  turrets 
of  radically  new  design,  involving  gyro-stabilization,  were  intro¬ 
duced  into  the  B-S2  training  program.  Such  changes  demanded 
a  continual  revision  of  curricuiums,  lesson  plans,  trainers,  ranges, 
examinations,  phase  checks,  films,  and  film  strips..'  .  * 

Types  of  gunnery. — Not  only  did  gunnery  change  rapidly  with 
time,  but  at  any  one  time  there  were  diverse  demands  on  training 
programs.  Superimposed  upon  , a  minimum' amount  of  general 
training  for  all  gunners,  there  were  several  specialized  training 
programs  for  particular  types  of  aircraft  and  types  of  gunnery 
equipment.  In  training  gunners  even  for  one  type  of  airplane, 
diversity  in  training  was  demanded.  It  was  possible,  for  .in-, 
stance,  to  have  12  different  combinations  of  sights  and  turrets  on 
the  B-24  airplane.  Operation  of  most  of  these  required  different 
skills.  One  single  position  on  the  B-24  might  require  the  ’•-raining 
of  four  different  types  of  gunners.  The  Martin  upper  tur:  *t  was 
equipped,  in  various  theaters,  with  an  optical  eight,  a  compensat¬ 
ing  sight,  or  one  of  two  kinds  of  computing  sights.  The  op.lcal 
sight  would  require  different  judgments  of  deflection;  the  com¬ 
pensating  sight  would  sometimes  require  estimations  of  deflection 
but  on  an  entirely  different  basis;  one  of  the  computing  sights 
would  require  framing  within  vertical  lines  the  wing  tips  of  the 
attacking  fighter  by  manipulating  hand  controls ;  the  other  de¬ 
puting  sight  would  require  framing  within  a  circle  of  dots  by 
operating  foot  controls.  Such  circumstances  required  that’several 
parallel  curricuiums  be  in  operation  concurrently  at  the  various 
gunnery  schools  and  even  within  one  gunnery  school.  At  one 
time,  late  in  the  war,  there  were  about  20  courses  of  study  in  opera¬ 
tion  in  Training  Command  gunnery  schools.  The  implications  for 
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program  planning  are  obvious.  *  In  a  diverse  and  changeful,  pro? 
gram,  unifying  influences  were  norely  needed.- •?  •:«  .[ 

„  .  _.  ,  .  .  ,  .'«rJ  >1  '/!  Ivjt;? «•*  ? 

Unifying  Principle*  (  h. 

Although  the  planning  of  gunnery  program?  was  largely  the 
responsibility  of  the  Central  School,  and  specifically  of  the  Re-, 
search  Division,  the  total  responsibility  for  the  extensive  planning, 
and  application  required  could  not  be  delegated  to  any  one  group... 
Commanders  of  combat  air  forces,  training  officers:  at  higher,, 
headquarters,  commanding  officers  of  gunnery  schools,  directors  of 
training,  department  heads,  range  officers,  enlisted  instructor.^, 
all  inevitably  had  a  hand  in  shaping  the  training  that  gunners 
actually  received.  It  was  believed  that  one  of  the  chief  contribu¬ 
tions  that  psychologists  could  make  to  gunnery  tr-ining  was  the 
formulation  of  principles  which  would  lend  coherence  to  gunnery 
training.  In  a  program  so  widely  scattered  geographically,  so 
changing,  so  diversified,  broad  principles  to  guide  specific  decisions 
may  prove  more  far  reaching  in  effect  than  many  specific  achieve-, 
ments.  Principles  for  guiding  the  development  of  training  pro¬ 
grams  as  a  whole,  and  principles  developed  for  a  single  aspect  of 
program  planning,  the  development  of  training  aids,, are  sum-- 
marized  below.  Similar  formulations  were  made  for  other  spe¬ 
cific  problems,  such  as  the  development  of  trainers.  Principles 
leading  to  what  was  considered  to  be  proper  emphasis  in  teaching’ 
were  also  suggested  as  a  final  and  requisite  step  toward  coherent* 

.  .  .  -  .  .  ;  .  ..  ;  ■  i  . 

training.  ...  ...  ».  .  *•.  .  ;  .. 

Principles  for  program  planning.  The  principles  which  were 
considered  basic  to.  sound  program  planning  may.  be  stated.  as’ 

...  •  •  -  .  •  !• *  -  w:. .  *i  i>  ll  ..’jf 

follows: 

Objectives  must  be  clearly  defined.— For  sound  planning,  of  a 
program  or  of  a  part  of  a  program  such  as.  a  course,  range,*  or 
trainer,  the  objective  to  be.  achieved  must  be  clearly  defined.  The 
definition  of  objectives  must  be  made  on  the  basis  of  a  thorough 
study  of  the  job  for  which  training  is  to  be  accomplished,  and 
without  reference  to  entrenched  precedent:  "  ' 

Objectives  must  determine  content .• — Once  agreement  has  been1 
reached  as  to  what  are  the  objectives  of  the  training  program,  of 
the  course,  range  or  trainer,  everything  must  be  planned  to  con¬ 
tribute  to  the  achievement  of  the  previously  defined  objectives.- 
No  activity,  no  material  should  be  included  unless  it  can  be 
justified  with  reference  to  the  statement  of  objectives.  •'  »v«  •. 

Established  principles  must  determine  procedure.— When  a 
program  has  been  blocked  out,  when  the  content  of  a  course  has 
been  determined,  when  the  mechanics  of  a  trainer  have  been  per¬ 
fected,  their  organization  or  .use  must  be  based  on  principles  >o£r 
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learning,  drawn  from  experiments’conducted  on  the  specific  mate-'* 
-  rials  or  devices  to  be  used,  or  from  the  body  of  established 
psychological  knowledge. 

Content  and  ‘procedures  must  be  objectively  evaluated. — 
Wherever  possible  and  as  quickly  as  practicably  the  effectiveness 
of  a  curriculum  or  of  specific  parts  or  a  curriculum,  such  as  a 
range,  or  trainer,  must  be  evaluated,  using  objective  techniques 
which  have  been  worked  out  for  assaying  the  contribution  of  such 
variables  to  the  achievement  of  an  objective. 

Evaluation  should  determine  revision  of  content  and  procedure. 
— Finally  the  results  of  the  evaluation  of  the  currrieulum,  course, 
range,  trainer,  must  be  put  to  use  and  not  neglected  in  apathy  or 
in  favor  of  personal  prejudices. 

The  viewpoints  expressed  in  the  above  statements  gained  fair 
acceptance  among  gunnery  personnel,  particularly  among  men 
most  concerned  with  program  planning. 

i  Principles  for  the  preparation  of  training  materials. — In  pre¬ 
vious  chapters  the  point  has  been  made  that  gunnery,  training  was 
always  one  stej  "emeved  from  the  gunner's  shooting  job,  and  that 
substitute  training  procedures  of  established  validjjy.  were  lack- 
.  ing.  Under  such  circumstances,  there  was  a  tendency  to  devote 
much  effort  to  the  development  of  training  aids;  To  give  direc¬ 
tion  to  the  preparation,  and  use  of  training  aids,  the"  following  ‘ 
principles  were  formulated: 

1.  No  training  aid  will  be  used  unless  it  is  reasonable  to  believe 

that  its  use  will  contribute  to  the  achievement  of  the  objectives 
outlined  for  a  course  or  for  a  training  program.  The  fact  that  a 
particular  training  aid  is  available  is  not  sufficient  reason  for  its 
use.  I  -  .  .. 

2.  The  materials  presented  in  all  training  aids  must  be  accurate. 
Agreement  with  the  Gunner’s  Information  File  will  normally  be 
the  criterion  for  accuracy.  ’ 

3.  All  training  aids  will  emphasize  the  functional  aspects  of  the 
gunner’s  job.  They  will  stress  what  the  gunner  actually  ivs  to  do 
or  actually  has  to  know.  Materials  on  internal  operavvm  of 
sights,  on  wiring  of  turrets,  on  mathematics  of  sighting  wK1  be 
excluded,  along  with  any  other  materials  not  immediately  relevant 
to  the  gunner’s  job. 

4.  All  training  aids  for  a  particular  program  will  be  planned 

with  the  planning  of  the  program,  and  there  must  be  a  specific 
requirement  for  each  training  aid  growing  out  of  the  nature  of  the 
training  to  be  given.  * 

6.  As  a  rule,  training  aids  such  as  motion  pictures  or  film  strips 
will  not  be  used  when  there  is  available  the  actual  equipment 
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which  is  the  subject  of  the  training  aid,  unless  the  training  aid 
develops  ideas  that  are  not  readily  apparent  through  examination 
of  the  equipment  .• 

6.  Humor  in  training  aids  will  be  used  only  when  it  is  relevant 
to  the  materials  presented.  Training  aids  should  have  dignity, 
rnd  their  effectiveness  should  not  be  lessened  by  the  gratuitous 
addition  of  humor. 

7.  Concurrently  with  the  development  of  every  training  aid, 
there  should  also  be  developed  an  instructor’s  guide  for  its  use. 

In  addition  to  providing  supplementary  information  for  the  in¬ 
structor,  the  guide  should  stress  the  necessity  for  incorporating  ' 
the  training  aid  as  an  integral  part  of  a  course  designed  to  help 
achieve  the  objectives  of  the  course.  .  . 

8.  For  maximum  effectiveness,  it  is  believed  that  there  should 
be  maximum  economy  in  the  expression  of  ideas  in  a  training  aid. 

As  a  rule,  a  film,  a  film  strip,  a  poster-series  should  have  one  core 
idea,  and  every  item  should  contribute  to  the  development  of  this 
idea.  .  '  '  ‘  '  '  ■  ' 

9.  Where  appropriate,  as  with  films,  film  strips,  posters,  and 

pamphlets,  there  should  be  constructed  a  brief  objective  examina¬ 
tion  which  can  be  administered  to  students  after  the  training  aid 
has  been  used  in  instruction.  .  . 

10.  Films  will  normally  be  used  for  the  presentation  of  ideas  . 

which  are  difficult  to  conceptualize,  such  as  the  rules  of  position 
firing  or  the  methods  used  by  good  teachers;  the  presentation  of 
materials  where  movement  is  critical;  and  the  presentation  of 
materials  which  cannot  be  shown  directly,  such  as  the  combat  use 
of  the  B-29  gunnery  equipment.  • 

11.  Film  strips,  posters,  mock-ups  will  normally  be  used  when 
the  detailed  study  of  the  materials  presented  is  desired. 

12.  In  all  training  aids,  the  very  best  of  writing  and  the  very 
best  of  art  work  will  be  the  goal.  Experience  has  shown  that  the 
way  to  achieve  this  important  goal  is  clearly  to  state  the  require¬ 
ment  in  the  initial  planning  of  the  training  aid. 

These  principles  become  fairly  well  accepted,  and  their  value  is 
believed  to  be  evidenced  in  the  generally  excellent  training  mate¬ 
rials  produced  for  gunnery  training,  triciples  for  the  develop¬ 
ment  of  training  devices  were  also  formulated.  These  are 
summarized  in  the  final  paragraphs  of  chapter  9.  ■' 

'■  Principles  of  teaching. —There  was  an  effort  made  to  develop, 
particularly  among  instructors  and  supervisors  of  training,  a  con¬ 
sistent  viewpoint  with  reference  to  teaching  methodology.  The 
kind  of  teaching  that  is  wanted  was  considered  to  be  important  m 
the  original  blocking  out  of  a  curriculum;  such  considerations 
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were  felt  to  be  of  even  greater  importance  when  lesson  plans  and 
training  materials  were  being  drawn  up  and  when  instructors 
were  being  indoctrinated.  To  illustrate,  a  decision  had  to  be  made 
in  gunnery  relative  to  the  balance  between  “practical"  and  “theo¬ 
retical"  instruction.  In  the  absence  of  an  understood  policy  on 
such  matters,  many  and  often  contradictory  viewpoints  will  in¬ 
fluence  training,  producing  an  inharmonious,  stressful,  and  prob¬ 
ably  inefficient  program.  On  this  particular  matter,  it  was 
decided  that  courses  would  be  stripped  of  all  materials  and  pro¬ 
cedures  that  were  not  directly  related  .to  what  the  gunner  had  to 
do  in  combat.  Thus  instruction  in  the  wiring  of  turrets  and  in  the 
internal  functioning  of  turrets  and  of  sights,  which  were  tradi¬ 
tional  parts  of  gunnery  courses,  was  dropped;  instruction  which 
emphasized  being  able  to  talk  about  gunnery  or  to  pass  written 
examinations  was  sharply  curtailed.  Emphasis  was  placed  upon 
gunners  learning  by  doing  the  types  of  jobs  they  would  be  expected 
to  do  in  combat.  A  functional  viewpoint  concerning  instruction 
became  well  established  in  gunnery.  '  ,  ... 


Procedures  in  Program  Evaluation  *  ‘  ‘  ' 

Policy  in  Flexible  gunnery  with  reference  to  the  evaluation  of 
training  programs  merits  consideration.  Gradually  officers  in 
charge  of  gunnery  training  accepted  the  viewpoint  that  research 
must  be  an  integral  part  of  all  program  planning,'  Towards  the 
end  of  the  war,  no  plan  for  a  training  program  was  considered 
complete  unless  it  included  specific  plans  for  establishing  the  va¬ 
lidity  of  the  basic  assumptions  of  the  program,  for  appraising  the 


effectiveness  of  the  program,  and  for  discovering  ways  in  which 
the  program  could  be  improved.  >  /  .  ■  ,  . 

Techniques  used  in  evaluation  of  specific  training  programs. — 
The  most  incisive  technique  used  in  evaluation  of  training  pro*, 
grams  was  to  compare  experimentally  the  achievement,  of  stu¬ 
dents  trained  under  a  new  program  with  the  achievement  of  stu¬ 
dents  trained  in  traditional  fashion,  when  such  comparisons  were 
possible  and  meaningful.  Not  only  did  such  studies  /ield  a  sub¬ 
stantial  body  of  objective  data  which  could  be  used  to  detect 


aspects  of  the  new  program  requiring  change  and  impre  cement, 
but  they  also  served  to  tighten  up  the  training  program  gernraily 
through  emphasis  on  adherence  to  presecribed  procedures  and 
through  a  focussing  of  attention  on  the  day-by-day  operation  of 
the  program.  The  Pueblo  Project,  to  be  reported  later  in  thA 
chapter,  illustrates  this  precedure.  ■  •.■*«  /• 

A  second  technique  involved  the  questioning  of  students  and 
instructors  on  various  aspects  of  the  course  of  instruction;  It 
was  found  that  such  investigations  often  directed  attention  to 
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some  area  of  inefficient  operation,  and  thus  made  possible  correc¬ 
tive  action.  The  evaluation  of  an  8-week  training  curriculum,  to 
be  reported  later,  illustrates  this  technique.  >  . .  ••  *'  <tr 

A  third  technique  involved  research  on  some  specific  unit  of 
work,  rather  than  on  the  course  of  training  as  a  whole.  It  was 
felt  that  research  on  particular  problems  should  run  concurrently 
with  research  on  overall  programs,  as  being  the  most  plausible 
approach  to  improving  training.  In  chapter  9  are  summarized’ 
numerous  studies  of  this  nature.  •  .  <  r  ■;,» 

A  fourth  technique  involved  the  subjective  analysis  of  a  train¬ 
ing  program  by  psychologists  using  as  a  guide  a  series  of  prin¬ 
ciples  characteristic  of  good  training.  Such  a  list,  a  summary  of 
which  is  included  in  Appendix  D,  was  used  in  the  evaluation  of  an 
experimental  eight-week  curriculum,  to  be  reported  later  in  this  - 
chapter.  -  .  ’  -  .  •  ’ 

Techniques  used  in  the  evaluation  of  gunnery  as  a  -whole. — Es¬ 
tablishing  the  validity  of  the  assumptions  upon  which  gunnery 
training  was  based  was  usually  effected  by  studies  of  gunnery  in 
combat  theaters.  These  studies  served  to  define  the  specific  objec¬ 
tives  of  training,  as  had  been  outlined  in  chapter  5.  They  served 
also  to  check  on  the  overall  effectiveness  of  trailing  programs  by 
measuring  the  proficiency  of  gunners  who  had  completed  all  of 
their  training  and  were  presumably’ ready  for  combat.  Three 
such  studies  are  summarized  in  the  next,  section  of  this  chapter, 
followed  by  a  series  of  brief  accounts  of  research  projects  directed 
toward  the  evaluation  of  specific  training  programs,  and  the 
discovery  of  ways  in  which  training  could  be  improved.  .  i.  i;  s 

THE  OVERSEAS  PROJECTS— -STUDIES  OF  GUNNERY  *  IN 
THREE  THEATERS  OF  OPERATION  ' 

Background  Information  .**•  ■  •  •*  ->  ■  ■  *<>.  • 

As  a  result  of  discussions  at  the  Tampa  Conference  in  April 
1944  (see  chapter  1) ,  psychologists  were  sent  to  three  theaters  of 
operation  for  the  purpose  of  checking  on  the  proficiency  of  gun¬ 
ners  in  combat  air  forces  and  for  the  purpose  of.  obtaining  infor¬ 
mation  which  "would  be  of  value  in  the  planning  of  gunnery 
selection  and  training  programs.  Three  such  missions  were 
undertaken.1 

The  Problem  *  ‘ 

The  methodologies  and  the  specific  objectives  of  the  three  mis¬ 
sions  varied  in  minor  detail,  yet  all  t.  vee  studje3  involved  observa- 

*Tbc  study  Jn  the  7th  Air  Force  was  mado  by  Crpt.  Mssoij  Hatre,  In  tbo  3th  and  13th 
'  Air  Forco  by  Cnpt,  Allred  C.  Jensen,  and  la  the  <~hlna-Burma-India  Theater  by  C 
Wilbur  S.  Gregory. 
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tions  according  to  a  pre-arranged  plan.  In  general,  the  objectives 
of  the  three  studies  may  be  defined  as  follows: 

(a)  To  secure  data  of  use  in  evaluating  and  revising  the  flexible 
gunnery  training  program  in  the  States. 

(b)  To  secure  data  on  the  level  of  proficiency  of  gunners  in  the  * 

theater  concerned. 

(c)  To  secure  evidence  regarding  the  validity  of  the  content  of 
the  basic  gunnery  school  courses  and  training  standards.  . 

(d)  To  secure  recommendations  regarding  minimum  aptitude 
standards  for  the  selection  of  gunners  and  of  gunnery  officers. 

(e)  To  secure  data  on  the  relation  of  personality  variables  to 
gunnery  proficiency  in  combat,  * 

Such  information  as  would  be  obtained  in  achieving  these  objec¬ 
tives  would  provide  materials  for  the  improving  of  selection  and 
of  training  procedures  in  the  States.  The  significance  of  the  ob¬ 
tained  results  for  selection  are  covered  in  other  chapters.  Here, 
emphasis  will  be  placed  on  the  implications  of  the  studies  for 
program  planning.  .  ■  * 

..  i*  '  ••  ! 

The  Procedure 

Several  procedures  were- established  for  these  investigations, 
prior  to  their  undertaking;  however,  conditions  in  the  various 
theaters  prevented  the  uniform  application  of  all  of  the  procedures 
originally  agreed  upon.  The  individual  officers  were  in  several 
instances  confronted  with  the  necessity  of  improvising  means  of 
achieving  the  general  objecaves  as  outlined  above.  The  following 
procedures  were  used: 

1.  Gunnery  officers  were  asked  to  indicate  minimum  aptitude  ‘ 
standards  requisite  for  gunners,  using  a  9-point  scale  for  rating 
certain  designated  characteristics.  This  procedure  was  followed 
uniformly  in  all  three  studies.  The  results  are  reported  'in 
Chapters  6  and  13. 

2.  Where  possible,  gunners  were  given  available  measures  of 
proficiency,  such  as  phase  checks,  Jam-Handy  Trainer.,  and  locally- 
constructed  achievement  tests. 

3.  Gunnery  officers  and  gunners  were  interviewed  to  obtain  in¬ 
formation  on  the  strengths  and  weaknesses  of  the  gunnery  • 
training  program. 

4.  A  detailed  check  list  covering  elements  in  the  then-current 
basic  gunnery  curriculums  was  submitted  to  gunnery  officers  to 
obtain  an  indication  of  the  relative  importance  o.V  each  *.f  the 

items  listed.  This  was  uniformly  done  in  all  three  (studies.  , 

5.  General  procedures  usad  to  achieve  the  remainder  of  the 
objectives  outlined  above  were  to  interview  gunner,*  officers  and 
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gunners,  to  observe  gunners  at  work,  and  carefully  to  record 
judgments  based  upon  information  so  obtained. 

Tlie  Result* 

1.  Proficiency  of  gunners  in  combat  theaters. — The  evidence 
relative  to  the  proficiency  of  gunners  after  they  had  arrived  in 'a 
theater  of  operations,  presumably  ready  for  combat,  was  not  re¬ 
assuring  as  to  the  adequacy  of  the  gunnery  training  program  in 
the  States.  These  results  are  summarized  below,  for  weapons, 
turrets,  sighting,  and  general  knowledge  of  basic  principles  in 
gunnery.  Proficiency  in  the  first  three  of  these  areas  were  meas¬ 
ured  by  phase  checks  and  the  J am-Handy  Trainer,  which  provided 
an  indication  of  the  gunners’  ability  to  perform  their  duties. 
Knowledge  of  gunnery  was  measured  by  achievement  tests  in  use 
in  the  theater  designated.  * 

In  the  5th,  7th,  -and  13th  Air  Forces,  the  standardized  phase 
check  on  weapons  was  given  to  26  gunners,  selected  at  random 
from  gunners  available  in  operational  squadrons.  Of  the.26  men 
tested,  22  failed  to  make  a  score  which  would  be  regarded  as  pass¬ 
ing  in  the  Training  Command  basic  gunnery  schools.  On  a 
5-point  scale,  they  received  scale  scores  of  1.  The  remaining  four, 
men  received  a  grade  of  2,  which  was.  considered  poor  for  basic 
gunnery  school  students  and  failing  for  gunners  in  the  training 
air  forces.  None  of  these  26  gunners  received  a  score  as  high  as- 
the  average  score  for  basic  gunnery  school  students ;  only  4  of  the 
men  would  have  been  considered  qualified  for  graduation  from 
ba;sic  gunnery  training.  .  '  . 

The  picture  is  no  better  for  proficiency  in  turrets.  In  table 
11.1,  the  converted  scores  of  30  gunners  in  the  7th  Air  Force  on, 
the  standardized  phase  check  for  their  respective  turrets  are  pre¬ 
sented.  Roughly,  one-third  of  the  men  failed,  one-third  passed 
with  a  score  of  2,  and  one-third  reached  the  level  expected  of  the 
average  basic  school  graduate.  Note  that  only  two  men  passed 
the  section  on  harmonization.  Fourteen  gunners  in  the  5th  and 
13th  Air  Forces  were  given  the  same  turret  phase  checks.  Of  the 
14  men,  8  failed,  2  received  a  score  of  poor,  3  were  average,  and  1 


Table  11. 1. — Summary  table  of  all  turret  phase  checks  (N — SO,  7th  Air  Force, 

June-July  19JU) 


Total 

frequency 

Par  1 
(operation) 

Part  2  (har¬ 
monization) 

Part  3 
(prefllght) 

8 

i 

12 

0 

11 

10 

7 

1 

2 

17 

28 

10 

Converted 
scores 1 


5  (Excellent) _ 

4  (Good) _ 

3  (Average) _ 

2  (Poor) _ 

1  (Pall) _ 


Part  4 
(loading) 


OV.VIV<>  UU 

chapter  8). 

70332C — 47—20 
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achieved  a  score  of  good;  the  comparisons  are  again  with  basic 
gunnery  school  students.  It  is  evident  that  these  gunners  were 
considerably  less  proficient  than  men  graduating  from  basic  train¬ 
ing.  Men  in  a  combat  theater  might  reasonably  be  expected  to  be 
at  least  as  proficient  as  basic  gunners.  .  .  ' ;  *  t 

The  third  area  of  proficiency  measured  by  a  performance  test 
was  sighting,  A  standard  Jam-Handy  test  film  was  given  to  31 
gunners  in  the  7th  Air  Force.  The  men  were  scored  in  accord¬ 
ance  with  standard  procedures  in  order  to  make  their  scores  com¬ 
parable  with  a  norm  group  of  basic  gunnery  school  students.  The 
results  are  presented  in  figure  11.1.  It  will  be  remembered  from 
chapters  5  and  9  that  the  Jam-Handy  Trainer,  when  properly 
used,  provided  a  fairly  adequate  measure  of  a  gunner’s  ability  to 
apply  proper  deflections  when  using  a  ring  sight.  'Of  the  31  com¬ 
bat  gunners  studied,  not  one  reached  the  level  of  performance  of 
the  average  of  the  norm  group  of  basic  gunners.  The  scores  re¬ 
ported  show  a  definite  inferiority  of  combat  gunners  in  this  fun¬ 
damental  skill  required  of  all  gunners  in  the  air  force  studied; 

The  proficiency  of  combat  gunners  on  general  knowledge  of  • 
gunnery  was  less  adequately  measured  than  was  performance  pro- 
ficiency,  for  locally  constructed  achievement  tests  had  to  be  used. 
However,  the  results  are  reported  in  such  a  fashion  that  some  in¬ 
dication  of  the  weaknesses  of  the  gunners  studied  was  obtained. 
Of  a  total  group  of  43  men  tested,  the  number  and  percent  missing 
questions  on  certain  basic  items  of  gunnery  information  are  given 
in  table  11.2.  The  test  items  included  in  the  table  were  chosen 
from  reported  scores  on  60  similar  items  to  illustrate  types  of  defi¬ 
ciencies  found.  When  these  results  are  considered  in  relation  to 
similar  findings  on  performance  tests,  it  seems  fairly  clear  that 

Tabus  13.2. — Proficiency  of  comba ,  gunners  in  knowledge  of  gunnery:  Number 
and  percent  of  gunners  giving  incorrect  answers  to  certain  questions  on 
standard  examination  for  7th  I  mbardment  Group  (N=43, 10th  Air  Force, 
July  19U) 


Tost  questions  In  .  brovlated  fora  ■ 


1.  What  Is  correct  distance  Iron.  Ing  sight  to  eye  on  waist  gun?.... 

2.  List  three  Items  to  bo  check !  in  harmonising  the  guns  on  the 

Sperry  ball  turret - — - — , - - — - — - — -- — - 

3.  List  three  Items  to  bo  checkef  In  lenrlng  the  Mar. In  turret--—- 

4.  List  tbreo  Items 'to  bo  choc'.- 1  In  harmonising  guns  on  Martin 

turret.......— _ - - — — ------- 

5.  What  should  you  do  first  '.  -tide  on  N6A  sight  goes  out?— — 

8.  List  throe  Items  to  bo  ehe  'i  d  In  postfilght  checking  the  gun - 

7.  At  what  position  in  clova  >  i  should  tbo  guns  bo  charged? - 

8.  How  Is  the  oil  buffer  tub  djusted?.— - — — V.'i u V 

0,  How  can  you  get  out  of  l*  Jpcrry  ball  turret  If  fhe  power  falisT.. 

10.  How  Is  tho  headspace  a  I  sted?.. — - - — - — — * 

11.  What  are  the  symptoms  I  I0030  headspace? — — - — — — 

12.  How  Is  tho  direction  of  1  d  changed? - 


Giving  Incorrect 
answers 


40 

02 

40 

92 

33 

76 

33 

70 

32 

.  74 

25 

58 

22 

62 

2.V 

50 

17 

40 

16 

36 

11 

28 

S 

IS 
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the  gunners  studied  were  consistently  weak  in  their  knowledge  of 
gunnery  and  in  their  ability  to  perform  fundamental  gunnery 
tasks.-  •  ■  .  •  • 

2.  Reported  deficiencies  of  gunners. — Another  technique  used 

in  these  studies  was  to  question  responsible  officers  in  squadrons 
and  groups  concerning  the  proficiency  of  the  gunners  assigned 
to  them.  Gunnery  officers,  armament  officers,  operations  officers, 
and  intelligence  officers  usually  had  an  opportunity  to  become 
familiar  with  the  repeated  deficiencies  of  gunners,  either  in  the 
care  and  use  of  their  equipment  or  in  their  functioning  as  mem¬ 
bers  of  a  fighting  team.  '  The  opinions  of  such  experienced  men 
were  not  to  be  considered  lightly.  Officers  intimately  familiar 
with  gunnery  in  the  China-Burma-India  Theater  indicated  the 
deficiencies  that  are  summarized  in  table  11.3,  which  is  a  conden¬ 
sation  of  a  longer  table  reported  in  the  original  study.  Such 
material  proved  to  be  of  value  in  guiding  the  development  of 
curriculums  in  the  basic  gunnery  schools  and  in  the  training  air 
forces.  .  • 

3.  Evaluation  of  gunnery  courses. — Gunnery  school  curricu¬ 
lums  were  given  more  explicit  evaluation  by  a  technique  which 
required  that  officers  familiar  with  combat  gunnery  assign  com¬ 
parative  ratings  to  courses  contained  in  curriculums  in  effect  in 
gunnery  schools  at  the  time  the  study  was  made.  The  results  of 
one  such  inquiry  are-  summarised  in  table  11.4.  Though  there 
was  a  tendency  among  the  officers  questioned  to  give  fairly  high 
absolute  ratings  to  all  items  (which  suggests  the  now  familiar 

„  s 

Tabel  11.3. — Deficiencies  of  combat  gunners:  Frequency  of  reports  of  specific 
deficiencies  of  gunners,  by  squadron  (N=13  squadrons,  China-Burma-India 
theater,  July  19JU) 


Deficiencies  reported 


dumber  of 
•?vtadrons 
Ke.xrUng* 


Turret  manipulation  and  operation  poor _ 

inability  to  operate  all  turrets  on  ship _ 

Lack  of  knowledge  of  correct  aiming  point  (positlou  firing).— 

Failure  to  clean  gun  properly _ 

Inadequate  knowledge  of  first  aid _ 

Inability  to  correct  malfunction  of  gun _ 

Incorrect  aircraft  Identification _ 

Not  proficient  In  caro  and  use  of  oxygen  equipment _ _ 

Incomplete  and  Inadequate  prcfilght  and  postfllght  checks _ 

Adjusting  headspaco  poor _ 

Not  oriented  to  "zone  of  search”  and  "zone  of  fire"  systom _ 

Burst  control  poor _ 

Not  proficient  In  care  and  ute  of  interphone  equipment. _ 

Hitting  other  AAF  bombers  In  samo  formation _ 

Inability  to  compensate  for  evaslvo  action  of  own  bomber _ 

Not  proficient  In  ditching  procedures _ 

Improper  use  and  lack  of  Bklll  In  using  Sptvry  Sight _ 

Not  proficient  In  filling  oil  buffer  tube _ 

Not  proficient  In  caro  and  uso  of  armored  lulls _ , _ 

Not  proficient  In  checking  In  procedure _ _ _ _ 


»A  deficiency  Is  reported  for  a  squadron  If  oi.»  of  moro  of  gunnery,  armament.  Intelli¬ 
gence,  and  operations  officers  Interviewed  Indicated  a  particular  deficiency. 
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difficulty  imposed  by  the  lack  of  a  definitive  criterion  for  making 
such  decisions),  the  relative  ratings  of  the  courses  were  felt  to 
be  significant.  It  is  interesting  to  note  that  several  of  the  most 
firmly  entrenched  courses  in  gunnery  curriculums,  such  as  akect 
shooting  and  air-to-air  firing,  received  little  approbation  from 
officers  concerned  with  the  ability  of  their  gunners  to  hit  attack¬ 
ing  fighters.  •  . 

Conclusions  ' 

Such  studies  as  those  reported  above  have  little  permanent  value 
except  possibly  for  suggesting  techniques  that  might  be  useful  in 
similar  circumstances.  Their  value  to  gunnery  lay  in  their  imme¬ 
diate  effect  upon  gunnery  training  programs  at  the  time.  Thus, 
care  was  taken  to  translate  these  fairly  specific  findings  into  con¬ 
clusions  and  recommendations  that  could  be  used  by  officers  re¬ 
sponsible  for  the  training  of  gunners.  The  concluding  paragraphs 
from  the  7th  Air  Force  study  throw  light  on  some  of  the  causes 
for  the  lack  of  proficiency  of  gunners,  and  indicate,  as  well,  what 
courses  of  action  might  be  taken  to  remedy  the  deficiencies.  For 
these  reasons,  and  because  they  convey  the  sense  of  immediacy 
which  stamped  much  of  the  work  in  program  planning  during  the 
war,  the  paragraphs  are  quoted  verbatim  below.2 


Why  is  Proficiency  Low?— Tn  an  attempt  to  answer  this  question  twa 
hundred  and  sixty-six  (266)  gunners,  who  had  just  reported  for  duty  m  tho 
Central  Pacific  Theater  of  Operations,  were  interviewed.  The  average 
training  history  of  these  men  can  be  given  in  the  following  statistical  pic¬ 
ture:  Ninety-three  percent  (93%)  had  training  m  Training  Command 
schools.  Slightly  more  than  seven  months  elapsed  after  graduating  from 
basic  gunnery  before  the  average  gunner  reported  for  overseas  duty.  During 
basic  gunnery  school  he  fired  about  1,500  rounds  m  the  air  and  2,000  on  the 
ground.  In  the  training  air  forces  he  fired  another  1,000  rounds  in  the  air 
and  about  160  on  the  ground.  Two-thirds  of  the  men  had  camera  missions 
in  their  basic  gunnery  and  three-quarters  of  them  had  camera  missions  m 

Tari  p  ii  4  —Evaluation  of  importance  of  courses  taught  in  gunnery  schools 
Tt \hcLtZZ nrZValified  officers  in  Tenth  and  Fourteenth  Air  Forces 

(July  19U)  .  .  ■  _ _ 


Course 


X. 

2. 

3. 

4. 

5. 

0. 

7.  _ _  _ 

8.  Caro  of  personal  equipment- 

9.  Tactics _ 

10.  Jam-Handy  tralnor - - - ] 


Caliber  .50  machlno  gun - 

Turret  operation - - — 

Aircraft  recognition - 

Range  estimation - 

Position  firing - - — 

Air-to-air  camera  gun  flr- 

- - 

First  aid. 


Average 1 
ratings 


4.0 

4.0 

4.0 

4.0 

3.0 

3.9 

3.9 

3.8 

3.8 

3,7 


Course 


11.  Waller  trainer - 

12.  Moving  target  machlno 

gun  firing - 

13.  Might  vision, 


14.  Turret  maintenance — - — 

15.  Turret  lover  shotgun  firing. 

16.  Skc-  t  shooting..— - ----- 

17.  Moving  base  shotgun  flr- 

18.  Air-to-air  tow  targef  fir- 


Average 1 
ratings 


3.7 

3.7 

3.4 
3.2 

2.8 

2.7 

2.8 

2.4 


1  T->  „  *  I _ 


J  Tbe  original  repirt  was  prepared  by  Cap!,  tt 
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Operational  or  Replacement  Training  Units.  This  is  the  average  training 
history  of  a  representative  sample  of  combat  gunners  in  the  Central  Pacific 
Theater.  It  seems  to  provide  an  adequate  opportunity  to  learn  to  be  * 
gunner.  However,  several  real  drawbacks  seem  to  stand  out^.  ■  . 

a.  Clattification. — During  basic  gunnery  training  seventy  percent  (70%) 
of  the  men  interviewed  had  no  training  in  the  aircraft  to  which  they  were 
assigned  for  duty,  twenty-five  percent  (25%)  of  them  had  no  training  in  the 
gun  position  which  they  were  to  fire  in  combat — only  seven  percent  (7%) 
had  all  their  training  in  this  position.  Even  in  the  training  air  forces,  when 
a  man’s  overseas  assignment  is  more  nearly  decided,  thirty  percent  (30%) 
of  the  men  were  not  trained  in  the  gun  position  which  they  occupied  in 
combat.  These  figures  mean  a  hopeless  unfamili  irity  with  equipment  In 
many  instances  this  lack  of  familiarity  gives  a  picture  of  complete  inadequacy. 

A  bail  gunner  reporting  for  combat  duty  in  tne  theater  of  operations  asked 
whether  he  would  hit  the  plane  if  he  fired  forward.  He  had  never  heard  of 
a  fire  interrupter.  He  had  been  trained  in  the  waist  gun  and  in  the  tail 
when  a  last  minute  sickness  necessitated  a  new  ball  gunner.  Another  ball 
gunner,  in  combat,  tried  to  take  a  3-rad  lead  with  his  Sperry  computing 
sight.  These  instances  are  duplicated  many,  times.  Men  report  for  duty  in 
B-24  unite,  trained  only  in  the  Sperry  Upper  turret;  men  report  for  duty 
with  B-26  unite  trained  in  the  Sperry  Lower  Ball  turret.  The  assignment  of 
untrained  men  to  the  operation  of  such  highly  complicated  and  delicate  equip¬ 
ment  seems  wasteful  and  inefficient  as  well  as  dangerous  to  the  ship  and  crew. 
These  facts  themselves  carry  a  clear  implication  of  the  remedy  which  is 
necessary.  It  is  suggested  that  the  gunnery  program  would  profit  immensely 
from  a  strict  classification  system  extending  from  basic  gunnery  school  into 
combat  duty  which  would  make  sure  that  men  with  specialized  training  are 
assigned  to  the  positions  where  they  belong  and  for  which  they  were  trained. 

b.  Forgetting. — It  was  pointed  out  before  that  when  a  man  leaves  basic 
gunnery  school  he  has  passed  an  exhaustive  set  of  written  examinations 
and  performance  checks  on  his  gunnery  proficiency.  Seven  months  later, 
when  he  reports  for  combat  duty,  his  proficiency  has  fallen  to  a  startlingly 
low  level.  Why?  The  average  training  history  of  the  men  interviewed  gives  ■ 
us  a  hint  of  the  answer  to  this  question.  During  the  period  of  duty  with 
the  training  air  forces,  the  266  men  interviewed  averaged  170  flying  hours, 
but  only  fourteen  hours  of  practice  on  turret  operation.  They  seemed  to  be 
used  to  riding  in  the  air,  but  two  hours  of  turret  operation  a  month  seems  ■ 
wholly  inadequate  to  maintain  a  motor  skill  at  least  as  delicate  as  that  de-’ 
manded  by  a  good  golf  game.)  The  men  were  all  asked  how  many  times  they 
had  harmonized  their  guns  during  operational  or  replacement  training. 
Sixty  percent  (60%)  of  them  had  never  harmonized  their  guns  during  the 
seven  months  between  graduation  and  overseas  assignment.  The  average 
man  harmonized  1.6  times;  no  one  did  it  as  many  as  ten  times.  In  view  of 
this  fact,,  it  is  little  wonder  that  the  men  in  combat  are  almost  completely 
unable  to  harmonize,  and  leave  it  to  the  armorer,  who  is  able  to  do  only  an  > 
occasional  job  when  he  has  •'■he  time.  In  many  respects  the  duty  between 
graduation  from  basic  gunnery  and  combat  seems  to  serve  as  an  opportunity 
to  forget,  rather  than  to  improve  and  consolidate,  gunnery  skills.  Again  the 
implication  for  a  remedy  is  clear  in  the  facte  themselves.  There  are  availa¬ 
ble  tests  and  phase  checks  by  which  proficiency  can  be  measured  at  any  point 
in  a  man’s  training  history.  It  is  suggested  that  the  quality  of  combat 
gunners  can  easily  be  assured  and  maintained  by  establishing  a  definite  level 
of  proficiency  as  a  prerequisite  to  overseas  assignment. 

c.  Lack  of  Air  Experience. — When  a  group  of  g  innery  officers  and  arma¬ 
ment  officers  on  duty  with  squadrons  of  the  7th  A'.-  Force  were  asked  what 
was  the  most  outstanding  deficiency  in  gunners  irriving  for  duty,  their 
c!r*cl  fesPon?e  was  Jhaf:  the  gunners  were  inexperienced  in  the  operation 
of  their  equipment  in  the  air.  ■  A  turret  gunner  ,n  basic  gunnery  school 
spends  an  average  of  twelve  hours  in  his  turret  in  tLi  air,  and  another  four¬ 
teen  hours  in  operational  or  replacement  training.  'Vith  a  total  of  twenty- 
six  (26)  hours  it  does  not  seem  surprising  that  mai  ;•  men  still  feel  strange 
in  operating  their  equipment  in  t-c  air.  When  t\  s  twenty-six  hours  is 
spread  over  a  period.  of  almost  nil  i  months,  for  an  average  of  less  than 
three,  hours  a  month,  it  seems-ns  if  gunnery  training  s  not  exploiting  all  of 
the  time  available  for  training  in  tha  air. 

d.  Theater  Specialized  Training. — The  training  pro.; -am  in  the  basic  gun¬ 
nery  schools  ha3  so  far  been  aime<:  chiefly  at  the  .European  Theater  of 
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Operations.  Men  are  trained  in  basic  gunnery  schools  to  eov*t  the  operating7 
parts  ox  the  gun  with  a  vety  thin  film  of  oil*  This  system  is  successful  for 
the  high  altitude  missions  over  Europe,  but  53  hardly  appropriate  for  the 
medium  altitude  missions  in  the  Central  Pacific  area,  where,  without  a 
liberal  coating  of  oil,  the  gun  may  rust  during  the  course  of  a  single  mission. 
Similarly,  training  with  winter  flying  gloves  is  useless  for  gunnera  who  will 
ultimately  be  assigned  to  the  Pacific  Theater.  If  it  is  at  all  possible  to  de¬ 
termine  in  advance  the  theater  to  which  a  man  will  bo  assigned,  it  i3  recom¬ 
mended  that  he  be  trained  specifically  for  the  peculiarities  and  individual 
problems  of  that  theater. 

t.  Crew  Training — By  the  time  a  crew  reports  for  duty  in  the  theater  of 
operations  the  members  behave  like  a  crew  and  feel  themselves  to  be  a  crew 
in  a  good  many  senses.  However,  as  gunners  they  are  not  a  trained  crew. 
Throughout  basic  gunnery  training,  gunners  have  been  trained  as  individuals 
independent  of  the  men  around  them.  Much  of  this  attitude  remains  in  the 
gunners  who  are  ready  for  action.  The  bombardier,  who  usually  serves  as 
gunnery  officer  on  a  plane,  seldom  has  any  knowledge  of,  or  interest  in,  his 
job,  and  the  men  never  seem  to  look  to  him  us  the  leader  of  their  gunnery 
crew.  Much  is  done  iri  the  training  air  forces  in  the  way  of  crew  training. 
It  is  recommended  that  this  training  be  begun  in  the  Training  Command 
schools  and  emphasized  more  in  the  training  air  forces.  > 

/.  Knowledge  of  Gunnery  Problems . — The  Training  Command  gunnery 
schools  have  suffered  in  the  past  from  a  lack  of  specific  knowledge  of  the 
problems  of  flexille  gunnery  in  the  theaters  of  operations.  Information  on 
the  type  of  enemy  attacks,  the  range  of  enemy  attacks,  the  range  of  break¬ 
away,  typical  malfunctions  occurring,  typical  personnel  failures,  and  the 
like,  has  never  been  received  with  any  regularity  in  the  Training  Command 
gunnery  schools.  Even  in  the  7th  Air  Force  this  information  is  obtainable 
enly  with  difficulty.  There  has  been  no  person  or  organization  in  the  Air 
Force  whose  responsibility  it  is  to  compile  and  keep  track  of  various  factors 
and  figures  relating  to  problems  of  flexible  gunnery.  For  the  good  of  the  Air 
Force  in  utilizing  its  gunners  in  combat,  and  for  the  good  of  the  training  air 
forces  and  the  Training  Command  in  preparing  gunners  for  a  specific  com¬ 
bat  job,  it  is  recommended  that  an  agency  be  established  in  the  theater  to  do 
such  a  job  of  compilation  and  analysis.  K  this  wer«*  possible,  it  would  also 
be  necessary  to  establish  regular  channels  for  the  ais^emmation  of  informa¬ 
tion  to  the  Training  Command  and  the  training  air  forces.-  •  •  • 

Evaluation  •  s«s*(.v-Vi  1 

Such  studies  as  these  are  open  to  many’  criticisms  as  to  meth¬ 
odology.  The  number  of  cases  was  small  and  there  was  no' as¬ 
surance  that  the  gunners  studied  were  representative  of  all  gun¬ 
ners  in  the  theaters  concerned.  The  studies  were  cross-sectional/ 
and  conclusions  about-  forgetting  were  necessarily  inferential.’ 
The  recall  method  of  testing  was  used,  whereas  a  measure  of  the 
amount  of  training  necessary  to  regain  lost  proficiency  might 
have  yielded  a  different  picture.  Nevertheless,  the  accumulated 
evidence  was  telling  in  its  implications.  Even  assuming  a  most 
biased  sampling,  it  would  still  have  been  necessary  to  seek  causes 
for  the  presence  in  a  combat  theater  of  22  gunners  who  could 
not  pass  a  weapons  check,  or  of  31  gunners  no  one  of  whom  was  as 
skilled  in  sighting  techniques  as  the  average  gunnery  school  stu¬ 
dent.  The  findings  of  the  three  separate  studies  and  the  recom¬ 
mendations  made  were  in  close  ‘  jreement.  They  resulted  in" 
several  important  developments  in  &  anery  training  in  the  States, 
including  a  permanent  training-record  form  for  all  gunners,  a 
plan  for  the  continuation  training  of  '  nners  in  combat  air  forces, 
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and  an  extensive  study  of  gunnery  in  the  training  air  forces 
which  will  be  reported  subsequently  in  this  chapter. 

THE  EIGHT-WEEK  PROGRAM— AN  EVALUATION  OF  GUN- 
NERY  TRAINING  IN  A  TRAINING  COMMAND  BASIC  SCHOOL* 

Background  Information 

From  the  very  outset,  a  close  relationship  existed  between  the 
psychological  research  program  and  the  Training  Command  basic 
schools.  As  a  consequence,  the  application  of  psychological  prin¬ 
ciples  and  of  the  results  of  research  to  the  problems  of  these 
schools  produced  manifold  changes  in  basic  training.  Although 
these  changes  affected  the  program  as  a  whole  as  well  as  specific 
parts  of  training,  the  desirability  of  designing  an  entire  basic 
school  program  in  accordance  with  all  available  evidence  became 
increasingly  apparent. 

In  November  1944,  when  it  became  likely  that  a  reduced  flow 
of  gunners  would  permit  the  lengthening  of  the  training  period 
for  basic  gunnery  students  from  6  weeks  to  8  weeks,,  the  time 
seemed  ripe  for  the  development  of  an  integrated  program  for 
basic  gunners,  utilizing  to  the  fullest  degree  possible  sound 
training  principles  and  all  relevant  research  findings.  Since  this 
program  was  developed  for  possible  adoption  ,  as  a  standard 
training  procedure  in  all  schools,  it  was  apparent  that  it  had  to 
be  workable  in  existing  training  installations. 

The  Problem 

The  problem  was  to  develop  a  practical  training  program  which 
would  be  suitable  for  immediate  introduction  on  an  experimental 
basis  at  Laredo,  and  which  would  be  the  best  attainable  plan  tfor 
training  at  that  time.  The  evaluation  of  the  new  program  in; 
terms  of  knowledge,  skills,  and  attitudes  of  the  gunners  trained 
constituted  an  integral  part  of  the  plan  for  putting  the  program 
into  operation. 

Procedure. 

The  first  step  was  the  actual  designing  of  the  new  program  in 
terms  of  the  principles  stated  earlier  in  this  chapter,  giving  due 
consideration  to  existing  conditions  in  the  various  gunnery  schools 
with  regard  to  equipment  and  personnel.  No  changes  introduced 
in  the  experimental  program  required  additional  training  per¬ 
sonnel  or  equipment. 

A  comparison  of  the  revised  program  with  the  program  then 

•This  study  vras  plaunt:  and  carried  out  by  Lt.  William  B.  Schrader,  Lt.  Thonus  P. 
Gallagher,  and  S?t.  Alexanter  N.  Levine,  under  the  supervision  ol  Capt,  Lee  O.  Garber. 
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in  operation  at  Laredo  and  other  gunnery  schools  reveals  the  fol¬ 
lowing  specific  changes: 


1. 

2. 

3. 


4. 

6. 

6. 

7. 

8. 


Tho  typical  training  day  was  decreased  from  10  hours  to  8  hours  (in- 
cluding  physical  training  in  both  instances). 

Additional  time  was  allocated  to  phase  checks,  including  a  preliminary 
tho  “r,d  of'tho  ,cv™t'h  w«k  ,0Urth  WCOk  nnii  *  pi,ase  thM^  review  *' 

Sv»  ff 

Moving  Target  Range,  where  the  caliber  .50  machine  gun  was’ not  only 
a  j  hut  also  preflighted  and  postflighted  by  the  gunner  who  fired  It. 

A  detinite  increase  in  the  amount  of  time  devoted  to  turret  drill  was 
provided,  including  a  4-hour  review  near  the  end  of  training. 

The  gunner  fired  a  shotgun  on  his  first  day  of  training  and  a  ciilibcr  .50 
machine  gun  on  hia  third  day  of  training,  instead  of  waiting  until  the 
third  wcgk  before  actual  firing  wa3  begum 

An  orientation  flight  was  introduced  at  the  end  of  the  second  week  of 
training. 

On  the  flight  line,  all  preliminary  training  was  completed  before  air  train¬ 
ing  missions  were  begun. 

Training  on  the  use  of  interphone  equipment  was  increased  iirom  4  hour# 
to  5  hours. 


This  summary  includes  the  more  conspicuous  changes  Intro¬ 
duced.  In  addition,  however,  all  lesson  plans  were  carefully  re¬ 
viewed  and,  where  necessary,  revised  as  part  of  the  development 
of  the  new  program. 

The  Experimental  Design 


The  basic  nurpose  of  the  evaluation  was  to  obtain  as  accurate 
a  comparison  as  possible  of  the  proficiency  and  attitudes  of  gun¬ 
ners  trained  under  the  old  and  new  programs.  In  addition,  an 
effort  was  made  to  evaluate  the  new  curriculum  systematically  In 
terms  of  training  principles,  and  to  study  the  functioning  of  the 
program  in  operation  in  order  to  discover  whether  further  adjust¬ 
ments  were  needed.  The  plan  for  the  evaluation  further  included 
a  follow  up  of  gunners  trained  in  the  6-week  and  8-week  programs 
into  the  combat  crew  training  phase  in  order  to  determine  whether 
differences  in  proficiency  attained  at  the  completion  of  basic  gun¬ 
nery  training  persisted  during  further  training. 

In  view  of  the  fact  that  the  revision  of  the  curriculum  might  be 
expected  to  affect  all  aspects  of  the  training,  all  quantitative  data 
on  gunnery  proficiency  available  in  basic  gunnery  schools  were 
collected,  including  final  achievement  test  scores,  grades  in  the 
three  academic  courses,  phase  check  scores,  scores  on  the  ground 
ranges,  the  synthetic  trainers,  intercommunication,  and  gun 
camera  exercises.  In  addition,  approximately  100  students 
trained  under  each  program  were  interviewed  at  the  completion 
of  training  in  an  effort  to  determine  their  attitudes.  The  co¬ 
operation  of  instructors  was  enlisted  *  i  order  to  obtain  daily 
ratings  of  students’  interest  and  participation,  and  to  obtain  rat¬ 
ings  of  certain  aspects  of  proficiency  no  fully  measured  by  the 
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usual  scores.  The  gunners  in  this  portion  of  the  evaluation  in¬ 
cluded  all  enlisted  gunners  trained  in  classes  44r50  and  44-61,  the 
last  two  classes  in  the  6-week  program ;  and  all  enlisted  gunners 
trained  in  classes  44-53  and  45-2,  the  first  and  third  classes 
trained  in  the  8-week  program.;  ,  '  ■' 

‘  The  design  of  the  combat  crew  training  phase  of  the  evaluation 
had  to  be  adapted  to  the  fact  that  it  was  impossible  to  secure  the 
assignment  of  the  two  groups  of  gunners  studied  in  the  initial 
phase  to  the  same  training  installation.  A  group  of  1Q8  gunners 
from  the  6-week  program  was  assigned  to  Tonopah.Army  Air 
Field;  and' a  group  of  89  gunners  from  the  first  four  classes 
trained  ih  the  8-week  program  was  assigned  to  Charleston  Array 
Air  Base.  Conditions  of  training  and  of  testing  were  found  to 
be  too  dissimilar  in  these  .two  training  installations  to  permit  any 
comparison  of  results  except  on  a  pretest,  using  the  gunnery 
school  final  comprehensive  examination,  administered  to*  both 
groups.  However,  data  were  collected  on  87  gunners  trained 

*■  *  V*.  It  a  *.  ' * * m J  *11  .*  J  T */ «  _  •  " 


concurrently  with  the  89  gunners  who  had  received'  8  Weeks  .of 
training  at  Laredo.  From  these  data,  it  was  possible  to  obtain 
some  estimate  of  the  relative  effectiveness  of  the  6r  and  :8-we'ek 
programs  in  terms  of  retention  of  knowledge  and  skills.  -  ' 

. . .  i  ..  *0 1 


The  Results  •  - ' u  ‘'stf.  •  •;  '--5  V>  : 

•  •  .  :i  ■ 

.  The  results  of. this  evaluation  will' .be  presented  under  thre? 
headings.  .  First,' attention' will  be.' given  to  the  i  proficiency.  and 
attitudes  of  gunners  at  the  completion  of  .basic  gunnery  training. 
Sec6nd,  results  of  the  evaluation  of  the  curriculum  in  terms,  of 
training  principles  will  be  briefly  summarized.  Third,  the  evi¬ 
dence  regarding  retention  will  be  considered.,./  ’  ’  V  ... 

-  *  *•  •  *  .11  •'!  ;  .OT'i  ‘ 

. .  Evaluation  of  the.  curriculum  in  terms  of  the  achievement  of 
gunnery  students. — Students  trained  under,  the  new -8-week  .pro* 
gram  were  compared  with  students  trained  under  .the  .old.  6-week 
program  on  the  basis,  of  five  indices  of  achievement:  vV.  , 
...  1.  Comparison  of  6-week  and  8-week  students  on  knowledge  of 
gunnery. — Examination  of  results  shown-  in.  table  11.5 .  on .  the 
Gunnery  Final  Comprehensive  Examination  (form  GFB).,  and 
on  course  grades  reveals  a  consistent  superiority,  although  not.  a 
large  one,  for  the  8-week  students.  Thir  result,  may  be  attributed 
to  two  factors — improved  alertness  duri.vg  the  classroom  period 
.of  training,  and  improvements  in  the  lessvn  plans  of  the  courses. 
It  will  be  noted  that  on  the  Final  Comp/.ehensive  Examination, 
this  gain  did  not  appear  in  the  results  fo.*  Class  44-53,., the  first 
-8-week  class,  a  situation  which  may  have  1  -suited  from  -a  certain 
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amount  of  confusion  connected  with  the  installation  of  the  new 
program.  Study  of  the  specific  scores  shows  that  the  gains  are 
indicative  of  an  over-all  favorable  trend  in  knowledge  of  weapons, 
turrets,  and  sighting,  with  a  slightly  greater  advantage  for 
weapons.-..'/.  '•*  ‘  •  ”  *!  •  -  * 

2.  Compai'ison  of  6-week  and  8-week  students  on  proficiency  in 
care  of  equipment . — Careful  study  of  the  phase  check  scores, 
table  11.6,  fails  to  reveal  any  noteworthy  shifts  in  proficiency,  in 
spite  of  the  increased  training  provided  in  the  8-week  course. 
For  the  8-week  group,  a  slight  gain  in  Martin  turret  scores  is  . 
accompanied  by  drops  in  Sperry  and  Consolidated-  turret  scores. 
Care  and  Cleaning  of  the  caliber  .50  machine  gun  also  shows  a 
trend  toward  slightly  lower  scores.  These  shifts  are  small 
enough  to  be  attributed  to  ordinary  fluctuation  in  proficiency  of 
successive  classes.  .It  is  significant  that  in  spite  of  definitely  in¬ 
creased  practice  for  8-week  students  on  the  phase  check  itself, 


TA3i*>  11.6. — Knowledge  of  gunnery  of  6-xoeek  and  8-wuek  students:  Average 
r.-jres  attained  on  gunnery  final  comprehensive  exam’ nation  (form  GFD) 
tnd  on  course  grades  in  basic  gunnery  (December  19),!,- January  19i5)x 


f 

*  Subject 

*d 

•  Six-week 

Bight-week 

Class.. 
44-60  - 
mean 

■  ___ 

Class 

41-51 

mean 

Class 
44-53  - 
mean 

Class 
45-2 
mean  - 

.  Class 
.  45-3 
mean 
• 

0 minify  anal  comprehensive :  ; 

Total - - - 

% 

85.10  . 

88.54 

• 

.  .85.25 

93.13 

90.65 

Weapons - - 

Sighting - - 

Turrets-:  .  •  * .’  * 

Martin _ _. _ — ■ - - 

Emerson — - - 

Sperry _ _ _ 

Consolidated - — --- — — 

33,19 

15.98 

31.93 
30.10 
.  31.95 
'  28.08 

...  -5-22. 
.  ‘  80.47 
'  82.44 

80.08 

33.88 

17.54 

33.28 

31.38 

32.18 

28.81 

5.78 

•77.93 
:  84.32 

79.61 

33.09 

15.70 

•  31.43 

28.60 
31.75 
d7.04> 

■  '5.54, 

i  *.  .  > 

80.82 

85.06 

80.84 

>  ■"  i 

35.28 

18.97 

‘  .33.64 
32.47 
33.57 
••  29.79 

85.30 

’87.81 

83.12 

.  '  35.19 

18.16 

33.87 
29.25 
,  31.18 
•  27.29 
6.85 
t” '»  *•' .  • 

--  * — 

Gourio  grades:  *•■>'*  ■ 

Weapons _ — _ _  — - - 

Turrets™ - - - - 

Sighting. - - — - 

■*  •’  ,  1 

-  ' 

as  a  result  of  introducing  preliminary  phase  checks  in  the  fourth  . 
Week  and  review  phase rchecks  in  the  seventh  week,  and  m  spite 
of  an  increase  n  emphasis  on  preflighting  and  postflighting  of 
equipment  throughout  training,  evidence  of  increased  proficiency 
was  not  found.  These  results  indicated  that  phase  check  profi¬ 
ciency  was  not  markedly  improved  merely  by  increasing  ■  the 
amount  of  time  given  to  phase,  check  review  and  practice. 

•3.  Comparison  of  6-week  and  8-weel •  students  on  proficiency,  m 
use  of  equipment.— T able  11.7  contains  cores  for  both 
use  of  equipment.  With  regard  to  synthetic  trainer  performance, 
a  noticeable  gain  in  Waller  Trainer  score  or  8-wcek  students  ac- 


companies  a  drop  In  E-14  Trainer  scores.  These  shifts  in  pro- 
Hciency  correspond  to  changes  in  the  number  of  hours  allotted  to 
those  two  trainers  as  an  adjustment  to  training  facilities  available 
at  Laredo. 

Interphone  scores,  both  in  "Speaking"  and  "Listening,"  show 
a  definite  upward  shift  for  the  8-week  students.  They  may  be 
attributed  to  the  addition  of  one  hour  to  the  course  of  training  and 
to  increased  use  of  interphone  in  the  practical  phase  of  the  pro¬ 
gram. 

On  the  Moving  Target  Range  (turret)  there  is  a  slight  gain  in 
proficiency  for  the  8- week  students,  a  gain  which  probably  reflects 
the  greater  time  allotted  to  this  range,  permitting  firing  to  be 
carried  on  with  less  rush  and  confusion.  Results  on  the  Moving 


Tabu:  11.6. — Proficiency  in  care  of  equipment  of  6-week  and  8-week  gunners: 
scores  attained  on  phase  checks  at  end  of  basic  gunnery  training  ( December 
1944-January  1H5)X 


. 

Six-week 

Elcht-week 

Subjects 

Class  44-50 
mean 

Class  44-61 
mean 

Class  44-63 
mean 

Class  45-1 
mean  • 

Turrets :  ✓ 

Martin  „„„  ........ 

4.09 

3.78 

4.17 

3.40 

/ 

4.14 

8.8S 

Emerson - 

4.48 

3.33 

pporfy _ 

3.C0 

3.70 

3.36 

3.43 

Consol  Idited— _ 

4.33 

3.74 

3.43 

3.68 

All  turreU - — 

3.82 

3.87 

3.68 

ZM 

Wespons : 

Csre  and  cleanln* - 

4.63 

4.28 

4.13 

2.67 

4.27 

4  Jl»l»l  1  * f  A-  **!•»  *-l 

2.6e 

2.60 

2.83 

4.98 

4.83 

4.60 

4.71 

1  Meant  except  tor  turret  phase  chocks  based  on  approximately  114  cases.  Martin  turret 
means  based  on  approximately  42,  and  other  turrets  on  approximately  24  cases. 


Target  Range  (hand-held)  and  Burst  Control  Range  could  not  be 
properly  evaluated  because  during  the  period  between  the  time 
when  the  6-week  group  fired  and  the  time  when  the  8-week  'group 
fired,  improved  mounts  were  installed  on  the  hand-held  machine 
guns.  As  a  result,  the  marked  increases  in  proficiency  shown  in 
the  scores  is  probably  attributable  to  the  improved’ mount  in  use, 
so  that  the  evidence  from  these  scores  is  inconclusive  at  best 
Scores  on  the  shotgun  ranges  for  class  44-53  (8-week)  fell  off, 
a  result  which  may  be  attributed  to  confusion  arising  from  pro¬ 
gram  changes.  Results  on  class  45-2  (8-week)  support  this  in¬ 
terpretation  since  a  satisfactory  level  of  proficiency  on  these 
ranges  was  achieved.  '  '  • 

For  gun  camera,  the  scores  ittained  by  waist  gunners  and  by 
Sperry  and  Martin  men  firing  from  their  own  turrets  were  the 
only  data  considered  to  <  be  a  .nparable.  Only  the  first  score 
achieved  by  a  student  was  used,  if  more  than  one  was  available. 
The  results  are  summarized  in  table  11.8.  v  * 
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Scores  on  gun  camera  fired  from  the  waist  position  show  a 
slight  drop  in  performance  for  the  8-week  students.  It  is  probable 
that  this  resulted  from  the  fact  that  a  different  method  of  sighting 
(the  sight-base  method)  was  used  rather  than  the  method  em¬ 
phasized  in  the  8-week  sighting  course  (the  eye-base  method). 
The  fact  that  a  shift  to  K— 13  sights  on  the  waist  guns  was 
about  to  be  made  may  have  caused  some  students  to  take  the  iron 
ring-and-post  sight  practice  on  this  position  less  seriously  in  the 
later  classes.  Performance  on  the  Martin  turret  appears  to  have 
remained  substantially  the  same  during  the  period  when  the  8- 
week  and  6-week  groups  were  firing.  Scores  on  Sperry  Ball  film 
vary  markedly  from  class  to  class,  with  a  slight  advantage  for 
the  6-week  group.  Although  the  results  on  gun  camera  are  not 
conclusive,  they  tend,  on  the  whole,  to  favor  the  6-week  group. 

T/MiE  11.7. — Proficiency  in  use  of  equipment  of  6-wcek  and  8-weck  students: 
Average  scores  on  various  ranges  and  trainers  during  basic  gunnery  train¬ 
ing  November  1944-January  194S)1 


- 

.  Six-week 

Eight-week 

1 

Class  44-50 
mean 

Class  44-51 
mean 

Class  44-53 
mean 

Class  45-2 
mean 

Synthetic  trainers: 

87.90 

• 

B-14 _ 

89.06 

86.68 

84.46 

Waller . — 

Ground  ranges’ 

24.84 

24.98 

30.00 

33.38 

Burst  control - 

44.90 

46.53 

64.16 

65.46 

Moving  target  (hand-held)  — 

11.61 

11.68 

19.24 

18.22 

Moving  target  (turret) - 

20.88 

21.88 

23.28 

22.51 

Moving  bnso - 

52.84 

54.22 

47.01 

53.05 

High  tor  or - 1 

58.88 

68.08 

37.97 

•  56.35 

Interphone  • 

Spcal’i  tg - - 

73.48 

71.24 

79.67 

81.90 

List /.mg - 

74.50 

x  73.27 

79.45 

81.27 

i  Al'  neans  based  on  approximately  lit  case*.  „  „  .  ... 

j  ir  'nterpretlng  ground  range  scores  It  must  be  stressed  that  the  K-7  mount  wa*  Installed 
on  tl-  •  hand-held  caliber  .60  machine  guns  on  the  Burst  Control  and  Moving  Target  Ranges. 
It  s'/jld  also  bo  kept  In  mind  that  the  scores  of  class  45-2  for  ground  ranges  arc  based  on 
the  -as*  naif  of  tho  rounds  fired  while  the  averages  for  the  other  classes  are  based  on  an 
rc.*0<V  fired.  - 

-i.  Comparison  of  6 -week  and  8-week  students  on  ratings  given 
oy  instructors. — In  order  to  obtain  information  on  aspects  of 
proficiency  not  fully  covered  by  objective  scores,  instructors  were 
asked  to  rate  each  student  on  11  specific  abilities  each  time  he 
firod  on  a  ground  range  or  participated  m  a  training  flight.  In 
ihe  case  of  Moving  Target  Range  (turret)  and  the  Air  Gunnery 
Range,  data  on  both  groups  of  students  were  judged  to  be  suffi¬ 
ciently  complete  to  justify  comparisons.  On  the  Moving  Target 
Range  (turret) ,  a  number  of  differences  were  noted  in  the  ratings 
of  individual  students  by  instructors.  Eight-week  students 
earned  a  definitely  higher  proportion  of  favorable  ratings  on  the 
ability  to  postflight  their  guns  properly,  on  the  use  of  proper. 
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safety  precautions,  and  on  the  smoothness  with  which  they  entered 
the  turret  Moreover,  the  percentages  of  instances  in  which  the 
instructor  was  able  to  observe  preflight  ability  of  his  students 
jumped  from  40  to  100,  and  the  percentage  of  reports  evaluating 
postflight  ability  rose  from  13  to  98.  These-  ratings  .reflect 
changes  which  may  be  attributed  to  the  increase  in  emphasis  on 
preflight  and  postflight  checks,  and  the  increased  amount  of  time 
allotted  to  the  machine  gun  ranges.  Reports  on  interphone  use 
were  made  only  for  the  8-week  group ;  94  percent  of  the  definite 
ratings  were  favorable.  The  fact  that  ratings  on  ability  to  manip. 
ulate  the  turret  well  came  out  at  67  and  69  percent  for  the  two 
groups  and  that  switching  procedure  came  out  at  77  and  80 
percent  suggests  that  the  ratings  were  conscientiously  made,  on 
the  whole.  The  drop  in  favorable  ratings  on  the  Burst  Control 
Range  from  77  to  61  percent  may  be  connected  with  the  fact  that 
certain  adjustments  were  being  made  to  deal  with  the  new  gun 
mounts  on  the  Burst  Control  Range,  which  may  have  resulted  in 
slightly  less  effective  instruction  on  .this  range  for  Class  44-63- 
(8-week).  .  •  -  • 


Table  11.8. — Proficiency  in  use  of  equipment  of  6-week  and  8-week  studentt • 
Secret  on  gun  camera  exercises  during  basis  gunnery  training  (December 
19  U- January  19i5)1 


Poaltlon 

- 

• 

•  Six-week 

Eight-week 

Class  44-60 

Class  44-51 

Class  44-53 

Cl-r-45-2 

N 

Mean 

N 

Mean 

N  ‘ 

Mean 

N 

Mean 

Waist _ 

38 

2.53 

31 

2.71 

49 

2,51 

Martin  uppor  turret _ 

10 

3.20 

14 

3.00 

9 

3.00 

18 

’  3,17 

Sperry  ball  turret _ 

21 

3.00 

10 

4.12 

22 

3.73 

14 

2.71 

»Oun  camera  acorea  were  based  on  the  December  1044  revised  tables  for  the  waist  and 
Martin  turret  positions,  and  on  the  July  1044  system  of  scoring  the  Sperry  balL  Insuffl- 
clent  data  were  available  for  Consolidated  or  Emerson  specialists  to  Justify  presenting 
figures.  Class  45-2  did  not  Arc  gun  camera  from  yae  waist  gun  position. 

Student  ratings  in  air  gunnery  were  also  superior,  on  the 
whole,  for  the  8-week  group,  particularly  on  preflight  and  post¬ 
flight  checks  of  equipment  ana  on  ability  to  deal  with  malfunctions. 
A  gain  of  8  percent  on  favorable  ratings  on  interphone  use  ap¬ 
peared,  and,  interestingly  enough,  the  8-wev-k  students  were  rated 
slightly  better  on  Burst  Control  than  the  6 -week  students.  This 
result  is  not  necessarily  inconsistent  witf  the  Moving  Target 
Range  results  since  the  8-week  students  may  have  profited  more 
from  their  training  on  the  Moving  Target  R.vnge  than  the  6-week 
group.  The  6-week  students  scored  a  high<  .*  percentage  of  fa¬ 
vorable  ratings  on  use  of  oxygt  a  equipment  t\an  the  8-week  stu¬ 
dents,  but  those  percentages  ar*:  based  on  only  a  small  number  of 
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reporta,  since  the  great  bulk  of  the  reports  indicated  that  there 
had  been  no  opportunity  to  observe  this  ability.  Only  9  percent 
of  the  6-week  reports  and  only  23  percent  of  the  8-week  reports 
gave  a  “Yes”  or  “No”  rating  on  ability  to  use  oxygen  equipment. 

5.  Comparison  of  6-week  and  8-week  students  with  respect  to 
attitudes  toward  gunnery  and  gunnery  training. — In  the  course 
of  their  interview  just  before  graduation  from  basic  school,  stu¬ 
dents  were  asked  which  of  the  two  programs  they  would  prefer. 
Among  the  6-week  students,  74  percent  would  have  preferred  the 
8-week  course;  while  among  the  8-week  students,  88  percent  pre¬ 
ferred  it  to  the  6-week  program.  It  was  clear  that  the  8-week 
program,  wits  its  increased  free  time  and  shortened  work  day, 
appealed  to  gunnery  students.  (Most  of  the  men  who  preferred 
the  shorter  course  did  so  because  they  wanted  to  get  their  basic 
training  over  with  in  6  weeks).  Confirming  this  result,  only  32! 
percent  of  the  6-week  students  reported  that  they  had  adequate 
time  for  sleep  and  recreation  during  their  training,  while  90 
percent  of  the  8-week  students  were  satisfied  as  far  as  free  time 
was  concerned.  The  extent  to  which  students  used  the  added 
time  for  study  showed  an  advantage,  but  a  smaller  one,  for  the 
longer  course:  38  percent  of  the  8-week  group  reported  study  as, 
a  spare  time  activity  as  compared  with  27  percent  in  the  shorter 
course.  Finally,  with  respect  to  the  interviewer’s  judgment  of 
the  student’s  attitude  toward  his  gunnery  training,  a  small  ad¬ 
vantage  for  the  8-week  program  was  noted.  .  , 

Attitude  toward  being  a  gunner  at  the  beginning  of  training 
was  quite  similar  in  the  two  groups:  69  percent  of  the  6-week 
and  67  percent  of  the  8-week  students  recalled  that  they  had 
entered  training  with  a  definite  desire  to  be  gunners;  and  only 
12  percent  in  the  6-week  and  16  percent  in  the  8-week' group 
recalled  a  definite  dislike  for  their  assignment.  At  the  completion 
of  training,  85  percent  of  the  6-week  and  90  percent  of  the  8-week 
group  reported  a  definite  desire  for  gunnery;  and  only  3  percent 
in  each  group  stated  a  clear  dislike  for  it.  This  reveals  another 
small  advantage  for  the  longer  course,  but  ohe  which  is  of  im¬ 
portance.  The  close  similarity  in  attitudes  at  the  beginning  of  the 
course  may  be  considered  to  be  evidence  that  the  two  groups  were 
comparable  with  respect  to  motivation  at  the  beginning  of  their 
training. 

Evaluation  of  the  curriculum  in  towns  of  training  principles. — 
In  an  effort  to  evaluate  the  curriculum  in  terms  of  psychological 
principles,  a  check-list  of  questions  based  on  familiar  training 
concepts  was  developed.  In  answering  the  questions  included  in 
this  check-list,  information  was  derived  not  only  from  the  various 
documents  which  constituted  the  formal  statement  of  the  new 
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program,  but  particularly  from  observing  the  program  in  opera, 
tion,  by  careful  evaluation  of  a  large  number  of  instructors* 
comments,  and  by  analysis  of  suggestions  made  by  students  dur. 
ing  the  interview  at  the  end  of  the  course.  The  specific  answers 
to  these  questions,  since  they  concern  very  specifically  a  par. 
ticular  program  at  a  given  time,  have  already  served  their  pur¬ 
pose,  and  are  at  best  of  historical  interest.  The  answers  with  the 
questions,  however,  have  been  presented  in  append!-:  as  illus¬ 
trative  of  a  fruitful  approach  to  the  evaluation  of  a  curriculum 
in  operation. 

This  part  of  the  evaluation  may  be  briefly  summarized  by  stat¬ 
ing  that  the  experimental  8-week  curriculum  for  the  training  of 
basic  gunners  was  judged  to  be  sound,  although  many  spots  of 
weakness  were  located,  particularly  with  reference  to  the  neglect 
of  superior  students  and  to  the  confusion  associated  with  the 
_  ubiquitous  changes  in  equipment  and  methods  within  the  gun-  . 
nery  program.  It  is  suggested  that  readers  interested  in  the 
problem  of  surveying  a  training  program  refer  to  the  indicated 
appendix  for  materials  believed  to  be  useful  in  many  training  sit- 
uations.  ..  . 

Evaluation  of  the  8-week  'program  in  terms  of  retention  of 
proficiency.- —In  interpreting  the  results  in  this  phase  of  the  study 
it  is  important  to  keep  in  mind  the  specific  groups  of  gunners  on 
which  the  data  were  obtained.  These  are:  .  . 

a.  Eight-week  group.  These  87  gunners  received  8  weeks  of  gunnery 
training  at  Laredo  in  class  44-63,  46-1,  45-2,  or  46-3.  They  began  combat 
crew  training  at  Charleston  Army  Air  Base  as  members  of  the  same  class. 

b.  Six-week  group  (Tonopah).  These  108  gunners  received  6  weeks  of  gun¬ 
nery  training  at  Laredo,  in  class  44-50  or  44-51,  and  had  their  combat  crew 
training  at  Tonopah  Army  Air  Field.  * 

c.  Six-week  group  (Charleston).  These  89  gunners  received  6  weeks  of 
gunnery  training  at  Tyndall  or  Laredo  in  classes  44-48  through  44-62  and 
entered  combat  training  at  Charleston  at  the  same  time  as  the  8-\veek  group. 

These  groups  were  drawn  from  the  original  population  in  accord¬ 
ance  with  assignment  procedures  which  were  essentially  independ¬ 
ent  of  gunnery  proficiency,  so  that  it  is  believed  that  they  are 
representative  of  the  larger  group  from  which  they  were  chosen 
in  so  far  as  proficiency  is  concerned.'  ■  .  .  -  ■ 

The  average  lapse  of  time  between  the  end  of  basic  gunnery 
training  and  the  start  of  combat  crew  training  for  each  of  these 
groups  was  as  follows:  8-week  group,  9  weeks;  6-week  (Tono¬ 
pah),  7  weeks;  6-week  (Charleston),  12  weeks.  The  6-week 
(Charleston)  group  had  somewhat  more  and  the  6-week  (Tono¬ 
pah)  somewhat  less  opportunity  to  forget  what  they  had  learned 
than  the  8-week  group.  However,  forgetting  generally  occurs 
most  rapidly  during  the  period  immediately  following  learning, 
and  even  the  shortest  average  lapse  of  time  was  seven  weeks. 
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Examination  of  comparative  scores  for  the  three  groups  on 
various  measures  of  proficiency  obtained  shortly  after  the  groups 
arrived  for  combat  crew  training  reveals  that  there  were  no 
considerable  or  consistent  differences  between  students  taking 
the  8-week  and  the  6-week  basic  course.  In  table  11.9  total  and 
part  scores  for  the  three  groups  on  the  gunnery  school  final  exam¬ 
ination  are  presented.  The  differences  which  appear  are  not  re¬ 
markable.  Although  scores  on  Form  GFF  (the  newer  form  of 
the  comprehensive  examination)  yield  a  slight  advantage  for  the 
8-week  group  over  the  two  comparison  groups,  this  superiority  is 
not  of  very  great  magnitude,  nor  is  it  borne  out  by  results  on  the 
older  form  of  the  test  (Form  GFD).  • 

No  important  or  consistent  difference  appears  between  the  8- 
week  group  and  the  6-week  (Charleston)  group  on  measures  of 
proficiency  in  care  of  equipment  or  in  use  of  equipment.4 

The  relative  proficiency  of  the  two  groups  tested  at  Charleston 
is  indicated  in  table  11.10,  which  summarizes  scores  made  on' 
various  phase  checks  administered  by  the  same  instructors  who 
were  especially  trained  for  the  job.  Again,  no  considerable  or 
consistent  differences  appear! 


Table  11.9. — Knowledge  cf  gunnery  of  6-week  and  8-week  students:  Average 
scores  attained  on  gunnery  final  comprehensive  (forms  GFD  and  GFF) 
upon  entering  combat  crew  training  (February- April  1945) 


« 

Six- week 

Eight-week 

Tonopah 

Charleston 

N 

Mean 

N 

Mean 

N 

Mean 

Gunnery  Anal  comprehensive  (Form 
GFD)  : 

Total  _  _  _  _ 

103 

85.3 

83 

87.7 

85 

84.4 

103 

33.0 

83 

33.7 

85 

85 

33.2 

17.5 

sicrhtlnsr _  _  _ 

103 

17.1 

83 

18.4 

Turrets : 

BO 

30.1 

35 

30.2 

28.0 

18 

10 

30.9 

1 

23.0 

26 

2l«T 

.  15 

31.1 

8 

33.4 

29.4 

20 

31 

TalLZ  —  _  _ 

31 

27.0 

14 

103 

5.8 

83 

6.2 

80 

Gunnery  final  comprehensive  (Form 

GFF)  : 

'Tnfnt  _ _ _ 

108 

85.5 

89 

89 

89 

87.7 

37 

91.1 

108 

30.4 

30.3  1 
16.9 

87 

10.7 

108 

16.5 

Turrets: 

53 

20.5 

43 

25 

8 

13 

'  18.9 
17.8 

22 

20.2 

17.6 

21.8 

24.1 

?1  a 

•1 

17.3 

15 

18.1 

Tall  _  _ _ 

31 

18.4 

21.2 

Crewman3hlp _ 

103 

10.2 

S9  , 

21.4 

4  For  these  measures,  the  data  obtained  on  tbe  0 -week  (»’  >  group 
bis  summary  report  bccnuso  In  each  Instance)  uncontro  la  e  ‘  available  data 

jrovent  a  direct  comparison  of  results.  It  may  bo  sa  d.  however  t  at  tbo  av»  data 
for  the  C-week  (Tonopah)  group  gavo  no  reason  to  believo  that  the  3-wock  students  were 

■’-i'Crleir  In  gunnery  proficiency. 
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The  same  picture  of  no  significant  differences  between  the  two 
groups  was  also  found  for  the  use  of  equipment.  The  results  of 
performance  on  the  E-14  Trainer  are  presented  in  Table  11.11. 
The  total  proficiency  scores  on  this  measure  of  sighting  ability  are 
identical 

And  similar  results  were  obtained  for  firing  on  the  Poorman 
Range,  as  shown  in  the  same  table. 

Conclusion 

Briefly,  it  was  concluded  from  this  study  that  the  experimental 
8-week  program  as  compared  with  the  traditional  6-week  program 
had  a  considerable  advantage  in  student  morale,  a  small  advantage 
in  learning,  and  no  clear-cut  advantage  for  retention  of  learning 
for  training  of  the  type  studied.  That  the  findings  were  largely 
negative  does  not  lessen  the  value  of  the  work  done.  On  the 
basis  of  the  study,  it  was  possible  to  recommend  with  assurance 
that  the  gunnery  training  program  need  not  be  lengthened  to  in- 


Table  11,10. — Proficiency  in  care  cf  cr  nt  of  6 -week  and  8-week  students: 

Phase  check  scores  attained  at  C  .  *  >n  Army  Air  Base  (March-April 

ms)  , 


I  ■' 

Phase  check 

_  Six*  week 

Eight-week 

N  . 

Mean 

N 

Mean 

80 

2.1 

86 

'  LI 

Care 'and  cleaning  (waist  gunnera  only) - 

— 

— 

20 

60 

1.6 

2.1 

16 

67 

1.4 

2.8 

Turrets : 

• 

7 

1.9 

20 

1.4 

14 

1.1 

31 

1.8 

Murtin* .  _ 

a 

1.8 

7 

L« 

Harmonization  (walot  gunners  only) 

20 

4.1 

16 

8.5 

Table  11.11. — Proficiency  in  use  of  equipment  of  6-week  and  8-week  students 
at  Charleston  Army  Air  Base:  Performance  on  the  E-14  Trainer  and  on 
the  Poorman  Range  (March-April  1945)  4 


Crew  position 

Equipment 

flred 

Type  of 
sight 

8lx-week 

Eight-week 

N 

Mean 

N 

Mean 

E-14  Trainer:* 

None  .. 

Emerson.—. 

Compensating _ 

Computing _ 

Compensating _ 

Compensating _ 

Compensating _ 

36 

8.8 

17 

8.9 

IJiwsr. 

Sperry  ball.. 

13 

8.8 

20 

8.8 

Wnlat. _ 

K-7  mount 

21 

8.8 

18 

8.7 

Tall _  _. 

TEmorson 

14 

8.8 

31 

8.8 

Kngineor 

Mnrtln 

8 

8.8 

7 

8.6 

Total _ 

01 

36 

8.8 

93 

.8.8 

Poorman  Range  :* 

Nn*» . . 

Emerson 

Compensating... 

Optie_ 

104 

17 

105 

T-ower  . 

Merlin  . 

13 

19 

66 

20 

49 

Waist . . 

K-7  mount. 

Compensating _ 

Optic. 

99 

18 

99 

Tail  .  .. 

Mnrtln  ..  . 

14 

49 

31 

57 

*  Test  film  after  2  hours  of  training;  each  score  Is  tho  ayorage  of  10  ratings,  a  perfect 
scoro  being  10. 

•  Scoro  Is  number  of  hits  for  120  rounds  fired. 
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crease  the  proficiency  ofgunenrs,  but  that  the  adding  of  2  weeks 
with  a  revised  curriculum  might  well  be  considered  in  the  interest 
of  the  morale  of  the  students.  Thus,  facts  were  supplied  to  higher 
headquarters  on  the  basis  of  which  a  sound  decision  could  be  made 
with  reference  to  the  amount  of  time  to  be  allotted  to  gunnery 
training.  In  an  emergency,  such  as  v/as  experienced  during  the 
few  years  preceding  this  study,  there  is  reason  to  be  confident 
that  the  shorter  training  would  be  adequate.  For  less  stressful 
times,  the  benefits  that  accrue  from  a  longer  training  program 
would  justify  a  more  liberal  expenditure  of  time  for  gunnery  train- 
ing.  - 

THE  PUEBLO  PROJECT — -AN  EVALUATION  OF  GUNNERY 
TRAINING  IN  A  TRAINING  AIR  FORCE 

Background  Information 

On  graduation  from  a  basic  gunnery  school,  gunners  were  as¬ 
signed  to  one  of  four  air  forces  within  the  continental  limits  of 
the  United  States  for  further  training  prior  to  being  assigned  to 
an  overseas  air  force.  The  mission  of  these  training  air  forces, 
as  they  were  called,  was  to  assemble  the  pilot,  copilot,,  bombardier, 
navigator,  and  gunners  into  an  aircrew,  and  to  train  them  to 
work  together  as  a  combat  team.  Each  of  the  crew  members 
was  assumed  to  be  adequately  trained  in  his  individual  job,  and 
ready  for  additional  training  in  the  cooperative  functions  that 
must  be  mastered  by  all  crew  members  if  they  are  to  be  an  effect 
tive,  fighting  organization.  Presumably,  all  that  was  required  in 
the  way  of  further  individual  training  for  gunners  during  this 
period  was  enough  practice  in  basic  skills  to  maintain  their  profi¬ 
ciency  at  the  level  reached  upon  graduation  from  gunnery  school. 
Studies  of  the  proficiency  of  gunners  in  the  combat  air  forces 
(reported  earlier  in  this  chapter),  however,  revealed  that  they 
were  deficient  in  many  of  the  basic  gunnery  skills.  This  was  due 
in  part  to  the  assignment  of  many  gunners  to  gun  positions  other 
than  the  ones  for  which  they  had  been  trained,  and  to  the  fact 
that  gunners  were  getting  through  Training  Command  schools 
inadequately  trained.  There  was  also  reason  to  believe  that  gun¬ 
ners  were  forgetting  some  of  the  skills  they  learned  in  basic 
gunnery  schools  during  their  period  of  training  in  the  training  air 
forces. 

The  Problem 

The  most  cursory  investigation  of  training  procedures  in  the 
training  air  forces  at  that  time  would  indicate  that  gunners 
tended  to  be  neglected  during  this  important  phase  of  training. 
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Emphasis  on  the  training  of  pilots,  bombardiers,  and  navigators 
was  more  or  less  assured,  for  their  deficiencies  might  often  be 
apparent  in  their  performance.  This  was  not  the  case  for  gun- 
ners,  for  whom  there  was  no  adequate  routinely  obtained  measure 
of  ability.  In  an  effort  to  stimulate  interest  in  gunnery  in  the 
training  air  forces  and  to  provide  at  the  same  time  a  workable 
program  for  gunnery  training,  it  was  decided  that  a  model  contin¬ 
uation  training  program  for  gunners  would  be  set  up  at  Pueblo 
Army  Air  Base,  and  that  this  program  would  be  compared  for 
general  effectiveness  with  the  rather  unimaginative  course  in 
gu-'nery  then  prevalent  at  most  advanced  training  bases.  Speci¬ 
fically  defined,  the  problem  was  to  initiate  an  improved  program 
for  continuation  training  of  gunners  and  to  evaluate  the  effec¬ 
tiveness  of  this  program  as  compared  with  that  of  the  existing 
program  at  the  selected  base. 

The  Procedure 

The  first  step  in  the  procedure  was  to  work  up  a  gunnery  pro¬ 
gram  for  recommendation  to  the  training  air  forces  to  take  the 
place  of  the  program  in  effect.  To  improve  upon  the  current 
practice  was  not  difficult,  and  a  plan  for  training  was  soon  de¬ 
vised.  The  particular  principles  given  special  stress  in  planning 
this  program  were:  *  c 

1.  Learning  the  whole  job  in  context . — Basic  gunnery  schools 
at  that  time  taught  gunnery  in  a  succession  of  courses  not  too 
intimately  associated  with  one  another.  Courses  on  sighting,  on 
the  turret,  on  the  machine  gun,  were  presented  to  the  gunner  in 
neat  packages,  and  little  was  done  to  help  him  put  the  contents  of 
the  packages  together,  it  being  assumed  that  this  would  be  ac¬ 
complished  by  the  training  forces.  But  the  training  air  forces 
were  not,  in  fact,  doing  this  job  at  that  time.  To  remedy  this 
deficiency,  the  concept  of  two  general  courses,  one  on  “care  of 
equipment”  and  one  on  “use  of  equipment,”  was  introduced.  With 
such  a  plan,  the  gunner  would  have  to  preflight  his  equipment, 
harmonize  his  guns,  load  ammunition,  operate  his  equipment,  and 
postfiight  his  equipment,  as  he  would  be  expected  to  do  in  combat 
These  were  called  “operational  exercises,”  and  their  main  virtue 
lay  in  the  fact  that  they  required  the  gunner  to  conceive  his  job 
whole  and  to  practice  specific  skills  in  their  appropriate  context 

2.  Motivation. — Combat  crew  training  was  usually  very  dull 
for  gunners,  their  most  constructive  activity  during  the  three 
months  often  being  to  serve  as  ballast  on  pilot  training  flights, 
a  practice  picturesquely  dubbed  “sandbagging.”  Ground  work 
on  gunnery  was  dull  and  uninspired,  with  no  goals  to  training 
being  apparent.  The  new  operational  exercises  considerably  m- 
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creased  motivation  by  their  greater  realism.  The  specific  reward 
of  being  excused  from  routine  drills  for  the  specific  achievement 
of  perfect  performance  was  even  more  effective  in  calling  forth 
effort.  It  was  the  opinion  of  qualified  observers  that  the  re¬ 
quirement  of  a  perfect  score,  rather  than  some  lower  standard, 
which  made  the  job  of  the  gunner  more  difficult,  also  made  it  more 
challenging,  and  dispelled  some  of  the  apathy  that  gunners  had 
towards  the  wearisome  repetition  of  skills  once  mastered. 

3.  Spaced  practice. — The  then  customary  practice  of  lumping 
all  gunnery  training  for  a  given  period  into  a  block  several  hours 
long  was  discarded  in  favor  of  the  system  of  breaking  up  practice 
into  smaller  units  and  spacing  it  over  a  longer  period  of  time. 

4.  Knowledge  of  results. — Drawing  again  from  established 
psychological  theory,  emphasis  was  placed  on  the  gunner  having 
continuous  knowledge  of  progress  and  of  deficiencies  in  his  per¬ 
formance.  Phase  check  answer  sheets  were  used  by  review 
instructors  to  aid  the  gunner  in  ironing  out  specific  weaknesses, 
and  progress  charts  were  used  to  maintain  the  interest  of  the 
gunner  in  improving  hi?  skills. 

5.  Learning  by  doing . — It  was  often  easier  for  the  instructor 
to  talk  about  his  subject  than  to  guide  the  student  in  the  intelligent 
practice  of  the  gunner’s  job.  The  methods  then  current  in  gun¬ 
nery  training  depended  heavily  on  the  value  of  the  spoken  and 
written  word,  and  tended  to  neglect  actual  practice  by  the  student. 
The  new  program  insisted  that  students  work  at  their  jobs,  under 
supervision  of  instructors,  and  that  talking  give  way  xo  doing. 

The  Experimental  Design 

An  experiment  was  designed  to  determine  whether  the  new 
program  would  be  more  effective  than  the  traditional  program 
■  in  maintaining  the  proficiency  of  gunners  during  their  crew-train¬ 
ing  period.  The  design  of  the  experiment  was  quite  simple. 
Approximately  400  gunners  in  training  at  Pueblo  were  divided 
.into  two  groups,  designated  as  Group  A  and  Group  B.  Group  A 
was  trained  under  the  new  system  of  instruction  and  Group  B 
was  trained  with  the  system  of  instruction  that  had  been  in  opera¬ 
tion  at  Pueblo  for  some  time.  The  relative  efficiency  of  the  gun¬ 
ners  in  the  two  groups  was  measured  by  phase  checks  covering  the 
caliber  .50  machine  gun  and  various  turrets.  Only  one*  observa¬ 
tion,  taken  at  the  end  of  the  training  period,  was  made  on  group 
B,  the  control  group;  whereas,  five  observations,  taken  at  inter¬ 
vals  throughout  the  12-week  training  period,  were  obtained  on 
group  A,  the  experimental  group. 

The  Results 

In  figure  11.2  and  table  11.12,  the  gunners  of  group  A,  who 
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Figure  11.2. — Percent  of  all  gunners  in  old  and  new _  programs  attaining 

perfect  scores  on  turret  phase  checks  upon  completion  of  Combat  Crew 
training  (Pueblo  Army  Air  Base,  September  19M) 


were  trained  under  the  new  program,  and  of  group  B,  trained 
traditionally,  are  compared  in  terms  of  scores  on  the  turret  phase 
checks.  These  scores  may  be  considered  to  be  adequate  measures 
of  the  gunner’s  ability  to  preflight  his  turret^  to  load  ammunition, 
to  turn  on  switches  properly,  and  to  make  a  postflight  inspection — 
all  essential  aspects  of  the  gunner’s  job.  A  quite  striking  dif¬ 
ference  in  proficiency  between  the  two  groups  is  noted.  Ninety- 
seven  percent  of  the  gunners  in  group  A  made  perfect  scores  just 
prior  to  graduation,  whereas  only  38  percent  of  the  gunners  in  . 
group  B  achieved  this  level  of  proficiency  by  the  time  they  were 
ready  to  be  graduated.  As  shown  in  table  11.13,  the  percent  of 
gunners  who  attained  perfect  scores  on  each  of  the  four  turret 
phase  checks  is  markedly  greater  under  the  new  program.  In 
each  of  the  four  comparisons,  the  number  of  times  that  the  dif¬ 
ference  between  the  two  groups  would  arise  by  chance  is  less  than 
1  in  100. 


Table  11.12. — Final  proficiency  in  turret  phase  check  of  gunners  trained 
under  old  and  new  combat  training  programs:  Number  of  men  attaining 
various  scores  in  each  final  turret  phase  check  (September-N ovember  19ii) 


Score 

■Emerson 

Motor 

products 

Sperry 

MarUn 

Total 

Old 

New 

Old 

New 

Old 

New 

Old 

New 

Old 

New 

(5)  ‘ - 

18 

45 

10 

24 

16 

21 

SO 

46 

78 

13o 

61 _ 

12 

0 

0 

0 

19 

0 

7 

0 

47 

4 . . 

22 

2 

24 

0 

9 

1 

6 

0 

61 

s 

$ 

0 

0 

3 

0 

0 

0 

1 

0 

4 

0 

2 _ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 .  . 

2 

0 

2 

0 

6 

1 

4 

0 

14 

1 

Total _ 

52 

47 

54 

24 

50 

23 

48 

48 

204 

140 

Kean  score - 

4.42 

4.98 

4.30 

5.00 

4.34 

4.78 

4.50 

5.00 

4.39 

4.95 

‘The  "circle  6"  (6)  scores  Indicates  that  no  errors  wore  ’nado  on  the  phase  check. 
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Expressed  in  terms  of  failure  to  achieve  a  passing  score  on  the 
turret  phase  check  (an  unsatisfactory  score  being  defined  as  a 
converted  score  of  1,  which  represents  the  level  of  achievement  of 
approximately  the  lowest  4  percent  of  gunners  graduating  from 
basic  schools),  the  difference  continues  to  be  clearly  in  favor  of 
the  experimental  program,  just  prior  to  graduation  of  both  groups. 
Of  the  gunners  in  group  B,  8  percent  failed  to  pass  the  check;  of 
the  gunners  in  group  A,  only  1  percent  failed  to  pass. 

Accurate  record  keeping  permitted  a  profitable  revision  in  the 
program  of  training  for  the  experimental  group  when  it  was  noted 
that  87  percent  of  the  gunners  in  this  group  had  achieved  perfect 
scores  on  their  turret  phase  checks  by  the  time  they  had  passed 
the  mid-point  of  the  training  perioa.  To  prepare  the  gunners  in 
the  experimental  group  for  possible  assignment  to  a  secondary 
turret  position  in  combat,  77  percent  of  the  gunners  were  given 
instruction  in  two  or  more  secondary  turrets.  It  is  apparent 
that  the  experimental  program  not  only  accomplished  prescribed 
training  more  adequately  than  did  the  traditional  program,  but 
it  permitted  a  commendable  extension  of  training  which  would 
prepare  gunners,.  better  to  meet  emergencies  likely  to  arise  in  a 
combat  situation.  . 

A  notable  outcome  of  the  work  at  Pueblo  was  a  general  reor-  \ 
ganization  of  gunnery  training  in  all  of  the  training  air  forces. 
Based  on  the  results  of  the  project  and  on  experience  gained  in 
planning  the  experimental  program,  there  was  prepared  a  man¬ 
ual  entitled  “Standard  Flexible  Gunnery  Program  for  B-17 
and  B-24  Combat  Crew  Training  Stations,  Instructor’s  Guide  ■ 
and  Lesson  Plans.”  All  training  air  forces  were  directed  by  * 
Headquarters,  Army  Air  Forces  to  revise  their  gunnery  program 
in  accordance  with  procedures  outlined  in  this  manual.8 


Table  11.13. — Reliability  of  differences  in  percent  of  gunners  attaining  per¬ 
fect  scores  on  final  turret  phase  check  under  old  and  neto  programs  (Sep- 
tevxber-November  1944) 


Turret 

Old  program 
(group  13) 

. 

Now  program 
(group  A) 

Differ¬ 

ence 

of 

percent* 

SBdJff 

N 

Percent 
of  s.  ores 
porfect 

N 

Percent 
of  scores 
perfect 

CR 1 

Emerson _ _ _ 

52 

30 

47 

03 

0.66 

0,07 

9.4 

Motor  product*  .  _ 

54 

30 

24 

100 

.70 

.06 

11.7 

Sperry  . . . 

CO 

32 

23 

92 

.60 

.09 

6.7 

Martin.  . 

43 

48 

100 

.37 

.07 

6.3 

Total  . 

204 

38 

140 

97 

.59 

.04 

14.S 

1 AU  CR's  reported  In  this  column  aro  sufficiently  inrge  that  .  ay  would  occur  by  cfcanc* 
In  the  nbsenco  of  a  true  dlllcrcnco  less  than  1  Umo  In  100. 


‘This  project  was  planned  by  MaJ.  Roger  W.  Russell.  The  experimental  work  wo*  per¬ 
formed  by  Lt.  Frank  J.  Harris  and  Lt.  James  F.  Lawrence.  The  i-  ‘nual  was  prepared  by 
the  above  In  cooperation  with  a  committee  of  ofilcors  representing  c  ">  of  tho  four  training 
®lr  forces. 
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THE  3th  Am  FORCE  PROJECT— AN  EVALUATION  OF  GUN. 
NERY  TRAINING  IN  A  COMBAT  Am  FORCE 


i 


Background  Information 

After  6  weeks  of  basic  gunnery  training  and  12  weeks  of  crew 
training,  with  intervening  periods  of  waiting  for  assignment,  the 
gunner  arrived  at  his  combat  air  force  as  a  member  of  a  crew. 

By  this  time,  the  gunner  should  have  reached  his  peak  proficiency 
and  be  primed  and  ready  to  do  his  job  with  maximum  effective¬ 
ness.  But  it  is  known  from  evidence  presented  earlier  in  this 
chapter  that  gunners  often  arrived  in  combat  theaters  less  pro-  f 
ficient  than  were  recent  graduates  of  basic  gunnery  schools.  Ic 
the  previous  section  of  this  chapter,  the  results  of  a  study  which 
led  to  a  revision  of  the  gunnery  training  program  of  the  training 
air  forces  were  presented.  The  same  considerations  concerning 
the  maintaining  of  proficiency  of  gunners  that  prompted  the  train¬ 
ing  air  forces  study  suggested  that  a  similar  study  be  undertaken 
in  a  combat  air  force.  The  desirability  of  such  a  study  was 
enhanced  by  indications  that  important  aspects  of  gunnery  pro¬ 
ficiency  were  being  forgotten  during  the  period  when  the  gunner 
was  flying  on  combat  missions.  •  The  problem  was  worthy  of  in¬ 
vestigation,  and  the  suggestion  that  such  a  study  be  conducted  in  ; 
the  8th  Air  Force  was  accepted  with  enthusiasm  by  the  gunnery 
officers  in  that  command.  Such  a  study  was  undertaken  in  Janu¬ 
ary  of  1945.* 

The  Problem 

The  problems  of  studying  gunnery  proficiency  in  an  operational 
air  force  thus  had  two  aspects:  first,  to  obtain  further  information 
on  the  adequacy  of  gunners  in  certain  basic  skills  when  they  ar¬ 
rived  in  the  combat  theater,  and  second,  to  determine  experimen¬ 
tally  what  type  of  training  program  would  be  most  effective  in 
maintaining  gunnery  skill  at  the  highest'achievable  level  through-  ‘ 
out  the  tour  of  duty  in  the  theater.  The  8th  Air  Force  gunnery 
officers  had  already  concluded  that  training  must  bs  continued 
throughout  the  gunner’s  combat  tour.  They  were  fully  aware 
that  the  difficulties  of  conducting  a  training  program  in  a  combat 
theater  required  that  the  program  achieve  maximum  return  for 
the  investment  of  time,  personnel,  and  equipment  made.  They 
wanted  concrete  and  practical  recommendations  that  could  be  put 
into  effect,  and  which  would  yield  results  proportionate  to  addi¬ 
tional  time  and  effort  required. 


♦This  study  was  tnado  by  MeJ.  Roger  W.  Russell,  Cspt.  John  A.  Valentine,  and  Lt  Trank 
J.  Harris, 
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Tlio  Procedure 

The  gunners  in  four  squadrons  of  one  group  of  the  8th  Air 
Force  were  studied.  Aii  of  the  gunners  were  given  a  series  of 
tests,  described  below,  at  the  beginning  of  the  study.  Following 
initial  testing,  each  of  the  four  squadrons  was  trained  under  a 
different  training  program.  At  the  end  of  one  month’s  training, 
all  remaining  gunners  in  each  of  the  four  groups  were  retested 
to  determine  progress  made  under  each  system  of  training. 

The  following  measures  of  proficiency  were  used 


1.  Standardized  phase  check  on  stripping  and  assembly  of  the  caliber  .60 
machine  gun; 

2.  For  care  and  cleaning,  a  brief  and  relatively  non-analytical  revision  of 
the  postflight  cleaning  section  of  the  standardized  phase  check,  designed  to 
meet  the  particular  needs  of  the  8th  Air  Force; 

3.  Standardized  phase  checks  on  all  turrets  except  Bell  tail  mount  (omitting 
section  on  harmonization  in  all  cases); 

4.  The  Jam-Handy  (E-14)  Trainer,  given  as  a  measure  of  ability,  to  use 

Position  Firing  rules:  ...  .  .  . . 

6.  Gun  camera,  given  as  a  measure  of  proficiency  in  aiming  and  tracking; 

6.  Burst  control,  used  as  a  measure  of  ability  of  the  gunner  to  control  a 
machine  gun  while  firing. 

Unfortunately,  the  last  two  of  the  above  measures  of  proficiency 
yielded  scores  which,  for  a  number  of  reasons  beyond  the  control 
of  the  experimenters,  were  quite  erratic  and  undependable.  They 
were  useful  only  in  measuring  the  initial  proficiency  of  the  groups 
studied. 

The  four  squadrons,  designated  by  their  assigned  squadron 
numbers,  were  trained  as  indicated  below: 


Squadron  703  gunners  flew  three  gun  camera  missions  and,  in  addition, 
were  required  to  practice  until  they  could  pass  all  phase  checks  with  no 
errors,  make  a  minimum  qualifying  score  of  8.4  on  the  Jam-IIandv  (B^M) 
Trainer,  and  get  a  minimum  of  18  hits  out  of  72  rounds  fired  in  the  4-inch 
circle  on  the  Burst  Control  Range.  When  these  levels  of  proficiency  had 
been  met,  the  gunners  in  this  squadron  were  excused  from  further  practice 

until  the  final  testing.  .  .  ..  ,  .. 

Squadron  709  gunners  flew  one  gun  camera  mission  and  practiced  the 
phase  checks  and  the  Jam-Handy  (E— 14)  Trainer  3  hours  a  week  throughout 

Squadron  710  gunners  received  the  traditional.  8th  Air  Force  gunnery 
training  course,  consisting  of  1  hour  a  week  practice  on  a  turret  trainer  or 
on  the  Jam-Handy  (E-14)  Trainer,  plus  3  hours  per  month  of  lectures. 

Squadron  711  gunners  received  no  formal  training  at  all,  beyond  that 
inherent  in  the  taking  of  the  tests  used. 


The  training  period  outlined  above  extended  over  a  period  of  1 
month.  During  this  period,  the  squadrons  were  flying  combat 
missions.  The  number  of  gunners  in  each  of  the  groups  decreased 
over  the  1  month  period  due  to  combat  losses  and  to  transfer  of 
personnel  who  had  completed  their  combat  tours. 


The  Results 

The  proficiency  of  gunners  an'iving  in  the  theater. — The  initial 
testing  of  the  gunners  in  the  four  squadrons  3'ielded  results  which 
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showed  that  the  gunners  were  more  proficient  than  those  tested 
in  earlier  studies  in  the  6th,  7th,  10th,  13th,  and  16th  Air  Forces, 
Gunners  in  the  four  8th  Air  Force  squadrons  were,  however, 
below  the  minimum  requirements  prescribed  for  gunners  under 
the  standardized  continuation  training  program  of  the  training 
air  forces,  the  evaluation  of  which  was  presented  in  the  preceding 
section  of  this  chapter. 

The  initial  proficiency  of  the  8th  Air  Force  gunners  as  measured 
by  phase  checks  is  indicated  below.  It  should  be  remembered  that 
no  errors  on  these  phase  checks  was  the  goal  set  for  gunners  grad¬ 
uating  from  the  training  airi  forces.  That  this  goal  could  be 
achieved  in  practice  was  shown  in  the  Pueblo  study  reported 
above. 

1.  Two  percent  of  the  gunners  made  perfect  scores  on  stripping 
and  assembly  of  the  caliber  .50  machine  gun  (N=606). 

2.  Twelve  percent  of  the  gunners  made  perfect  scores  on  care 
and^cleaning  of  the  caliber  .60  machine  gun  (N=408). 

3.  Seven  percent  of  the  bombardiers  and  navigators  made 

perfect  scores  on  the  phase  check  for  the  turret  to  which  they 
were  assigned  (N=151).  ■ 

4.  No  engineer-gunners  made-  a  perfect  score  on  the  phase 
check  for  the  turret  to  which  they  were  assigned  (N=151)  . ' 

6.  Five  percent  of  the  ball  turret  gunners  made  a  perfect  score 
on  the  phase  check  for  the  turret  to  which  they  were  assigned 
(N=81). 

6.  Twenty-three  percent  of  the  tail  gunners  made  perfect  scores 
on  the  phase  check  for  their  position  (N=78) . 

7.  The  average  number  of  errors  indicated  that  the  failures 
were  not  by  narrow  margins,  but  were  large  enough  to  cause 
concern  over  the  proficiency  of  gunners  arriving  in  a  combat 
theater,  presumably  adequately  trained.  Mean  error  score  on 
various  phase  checks  was  as  follows: 

B.3  errora  on  stripping  and  assembly  of  caliber  .60  machine  gun. 

2.1  errors  on  care  and  cleaning  of  the  caliber  .60  machine  gun. 

8.9  errora  on  the  Bendix  chin  turret 

6.8  errors  on  the  Sperry  upper  turret 

4.3  errors  on  the  Sjjerry  ball  turret 

2.9  errors  on  the  tail  position. 

Deficiency  in  ability  to  apply  the  rules  of  Position  Firing  was 
indicated  by  scores  made  on  the  Jam-Handy  (E-14)  Trainer  at 
the  time  of  initial  testing.  The  average  score  for  all  gunners 
was  7.87  on  a  10-point  scale.  This  may  be  compared  to  the  scor* 
of  9  which  was  the  goal  set  for  gunners  before  graduation  from 
a  training  air  force. 

Gun  camera  scores  were  available  for  213  of  the  gunners.  Al¬ 
though  these  scores  were  obtained  over  the  entire  period  of  the 


experiment,  no  gunner  received  enough  practice  on  the  gun  camera 
to  Increase  hla  skill  in  aiming  and  tracking.  These  scores  can 
therefore  best  bo  thought  of  as  further  evidence  of  the  proficiency 
of  gunners  In  a  combat  theater.  The  average  error  of  137  gun¬ 
ners  using  non-computing  sights  was  44.6  mils.  Comparable 
errors  for  gunners  studied  In  one  experiment  conducted  in  the 
AAF  Training  Command  was  23.9  mils.  Errors  of  gunners  using 
computing  sights  were :  for  tracking,  10.4  mils,  and  for  framing* 
8.4  mils.  These  errors  may  again  be  compared  with  errors  in 
the  same  performance  of  gunners  studied  experimentally  in  the 
AAF  Training  Command,  whose  error  scores  were :  for  tracking, 
8.4  mils,  and  for  framing,  6.7  mils.  Caution  is  needed  in  inter¬ 
preting  these  differences  because  of  difficulties  in  standardizing 
gun  camera  firing  conditions. 

The  hypothesis  that  some  aspects  of  gunnery  proficiency  actually 
decreased  during  a  tour  of.  combat  duty  received  some  support 
from  data  collected.  Results  of  this  aspect  of  the  study  are 
reported  in  table  11.14.  Although  the  differences  between  gun¬ 
ners  who  had  flown  25  or  more  missions  and  the  gunners  who 
had  not  completed  5  missions  were  not  particularly  large,  all  but 
one  of  the  7  comparisons  favored  the  gunners  with  fewer  mis¬ 
sions.  It  is  possible,  of  course,  that  these  differences  resulted 
from  superior  training  in  gunnery  prior  to  assignment  to  the  thea¬ 
ter  of  the  more  recent  arrivals ;  or  that  they  resulted  from  greater 
effort  in  the  testing  situation  by  the  gunners  who  were  just  begin¬ 
ning  their  missions.  Since  there  is  ne  reason  to  believe  that  the 
gunners  in  the  two  groups  had  received  substantially  different 
preliminary  training  and  since  the  more  experienced  gunners  ap¬ 
peared  to  cooperate  adequately  in  the  tests,  the  results  may  best 
be  interpreted  in  terms  of  a  tendency  to  loss  of  proficiency  during 
the  combat  tour. 

Experimental  data  obtained  in  a  combat  organization  will 
always  be  less  precise  and  thus  less  satisfactory  than  data  ob¬ 
tained  under  more  rigorous  conditions  of  an  experiment  in  a 
laboratory  or  under  the  comparatively  stable  conditions  which 
obtain  in  a  training  organization  in  this  country.  Rigorous  appli¬ 
cation  of  the  usual  requirements  for  acceptability  of  data  would 
exclude  virtually  all  of  the  data  obtainable  on  performance  in 
the  combat  theater.  In  particular,  the  relatively  small  number 
of  phase  check  errors  made  even  by  the  less  proficient  gunners 
complicates  the  interpretation  of  results.  However,  reasonably 
adequate  data  can  be,  and  were,  obtained.  The  data  presented 
in  this  study  are  believed  to  provide  evidence  that  gunners  ar¬ 
rived  in  the  8th  Air  Force  less  well  prepared  to  do  their  jobs 
than  they  might  have  been.  They  also  support  the  view  that 
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training  must  be  continued  throughout  the  combat  tour  of  each  I 
gunner. 


Tails  11.14. — Proficiency  of  8th  Air  Force  gunnert  juit  beginning  and  gun . 
nert  about  to  complete  a  tour  of  30  mietiont  (April  19!>8) 


First  S  missions 

Last  S  missions 

N 

Mean 

s'.*ar*» 

N 

Mean 
score  * 

DIK* 

CR» 

Stripping  and  assembly.— 

128 

4.20 

68 

6.82 

—1.62 

3.00  ••• 

Care  and  cleaning........ 

04 

1.74 

46 

2.20 

—  .46 

1.77  • 

Chin  turret - 

27 

6.10 

12 

12.75 

—0.56 

3.13  ••• 

Upper  turret - - - 

Balt  turret - 

22 

6.14 

0 

5.33 

-.81 

.68 

18 

3.83 

8 

4.60 

-  .67 

.79 

Tall  turret - 

IS 

3.11 

11 

4.64 

—1.53 

.81 

E-14  trainer. 

127 

3.09 

65 

7.88 

—  .21 

1.48 

»  Phase  check  error  scores ;  E-14  raw  scores  based  on  a  10-polnt  scale. 

»  The  signs  ot  the  differences  have  been  adjusted  so  that  a  minus  sign  Indicates  a  decrease 
In  prollclencjr,  and  a  plus  sign  an  Increase  In  proficiency  for  gunners  with  the  larger  number 
ot  missions. 

■Where  either  N  was  less  thnn  30,  Student's  (-method  was  used  In  computing  the  CR. 
The  significance  of  the.  CR't  may  bo  Interpreted  as  follows:  The  probability  that  a  valnt 
as  large  as  reported  would  a?!se  by  chance  Is: 

No  asterisk :  more  than  B  times  In  100. 

* :  between  1  and  6  times  In  100. 

**;  less  than  1  time  In  100. 

***:  less  than  1  time  In  1000. 

The  optimum  program  for  the  training  of  gunners  in  a  combat 
air  force. — Following  the  initial  testing  of  the  gunners,  the  four 
training  programs,  described  in  the  paragraph  on  procedure,  were 
put  into  effect.  Their  relative  efficiency  was  measured  by  per¬ 
formance  on  various  phase  checks  and  on  the  Jam-Handy  (E-14) 
Trainer  before  and  after  training.  Satisfactory  comparisons 
could  not  be  made  using  gun  camera  scores  and  burst  control 
scores  as  these  scores  proved  unreliable  for  this  purpose. 

The  relative  effectiveness  of  the  training  courses  conducted  in 
the  four  squadrons  is  compared  in  table  11.15  and  graphically  in 
figure  11.3.  The  results  are  presented  in  terms  of  the  percentage 
of  gunners  achieving  certain  qualifying  standards  set  for  the  8th 
Air  Force.  These  standards  required  a  perfect  score  on  indicated 
phase  checks,  and  a  score  of  8.4  on  the  Jam-Handy  (E-14) 
Trainer.  The  shaded  areas  indicate  the  percentage  of  gunners 
qualifying  on  the  pretest  and  the  unshaded  areas  indicate  the 
gain  in  percentage  of  gunners  qualifying  on  the  posttest.  The 
results  are  presented  by  squadrons.7 

That  the  gunners  in  the  four  squadrons  were  roughly  equiva¬ 
lent  at  the  time  of  the  initial  testing  is  indicated  by  the /pretest 
scores.  For  specific  skills  measured,  only  moderate  variations 


T  Unfortunately,  the  report  did  not  Indicate  the  number  of  eases  on  which  each  percental? ' 
Is  based.  By  working  backward  from  the  critical  ratios  which  were  given,  however,  » 
valuo  was  computed  to  Indicate  ‘ho  approximate  also  of  each  N.  All  N'r.  reported  la  Uhls 
11.1B  aro  believed  to  bo  within  i  rango  of  ±3  of  tho  correct  value  except  that  for  stripping 
and  inxembly  In  Squadron  711.  • 
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Squadron  Squadron  Squadron  8ou»dro» 
708  709  710  711 


Stripping  and  »»«rrabljrr 
Initial _ 


Initial _ 

Final _ _ 

CR* _ 

N _ 


4 

30  . 

4.0 
79 


1 

28 

4.0  ••• 
63 


Cara  and  cleanings 

Initial _ 

Final 
CR__ 


Turret*  S 

Initial _ 

Final _ 

CR _ 

N _ 

B-14 'Trainer: 

Initial _ 

Final _ 

CR _ 

N _ 


20  t 

67  60 

3.3  *»•  4.8 

61  43 


4 

71 

6.9  •*« 

20  I 


37 

68 

3.8  ••• 

70 


i  All  N'a  calculated  from  differences  and  CIVs  presented  In  original  report. 

*  Interpretation  of  Critical  Ratios:  Tho  number  of  asterisks  Indicate  the  likelihood  that 
the  CR  could  have  arisen  hr  chance  In  the  absence  of  a  true  difference,  as  follows: 

No  asterisk:  more  than  6  time*  hi  100. 

• :  6  times  In  100.  ' 

:  1  time  la  100 

•••  :  1  time  In  1000.  •  * 

occurred,  and  these  were  of  a  size  to  be  expected  to  arise  by 
chance.  When  the  amount  of  improvement  shown  during  the 
period  of  training  is  evaluated,  however,  many  of  the  gains  in 
proficiency  are  relatively  large.  Indeed,  all  of  the  four  compari¬ 
sons  for  each  of  the  two  groups  given  systematic  practice  on  the 
testing  instruments  show  CR’s  greater  than  '3,  the  conventional 
standard  for  significance.  The  training  program  already  devel¬ 
oped  in  the  8th  Air  Force  yielded  similar  results,  except  for  turret 
phase  check  proficiency.  The  squadron  which  r«*e\ved  no  formal 
training,  however,  showed  gains  which,  except  for  the  care  and 
cleaning  phase  check,  might  easily  have  arisen  out  of  chance  varia¬ 
tions.  It  is  possible  that  the  marked  shift  in  proficiency  on  the 
care  and  cleaning  phase  check  resulted  from  the  practice  effect  of 
the  initial  testing  of  this  group.  This  hypothesis  was  supported 
by  the  fact  that,  as  noted  earlier  in  this  report,  the  care  and  clean¬ 
ing  phase  check  was  brief  and  not  highly  analytical 
A  most  interesting  observation  grew  out  of  the  comparative 
performances  of  Squadron  708  and  709.  It  will  be  remembered 
that  gunners  in  Squadron  708  were  required  to  attain  an  initial 
high  level  of  proficiency  and  then  were  excused  from  further 
practice  until  the  terminal  testing ;  whereas,  gunners  in  Squadron 
709  were  required  to  practice  systematically  throughout  the  train¬ 
ing  period-.  Under  the  incentive  of  being  excused  from  a  tedious 
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practicing  of  skills  believed  to  be  mastered,  90  percent  of  tho  gun¬ 
ners  in  Squadron  708  reached  the  qualifying  standard  early  In 
the  training  course.  By  the  end  of  the  practice  period,  however, 
they  had  lost  their  high  degree  of  proficiency  and  had  fallen  to 
the  level  of  the  gunners  of  Squadron  709,  who  had  been  plodding 
along  with  less  intense  motivation.  This  suggested  that  a  com¬ 
promise  between  the  two  approaches  might  well  be  made,  as  was 
done  in  the  final  program  recommended  to  the  8th  Air  Force. 

The  project  resulted  in  concrete  and  practicable  recommenda¬ 
tions  for  improving  gunnery  training  in  the  8th  Air  Force. 
These  recommendations  are  quoted  below  as  illustrative  of  the 
immediately  applicable  outcome  of  such  a  project  as  ha3  been 
described. 

The  proposed  program  is  based  upon  certain  minimum  stand¬ 
ards  which  every  gunner  must  attain.  These  are : , 

Minimum  Standards: 

Caliber  .60  machine  gun  phase  cheek  (stripping  and  assembly) :  no  errors. 

Caliber  .60  machine  gun  phase  check  (care  and  cleaning) :  no  errors. 

Turret  phase  check:  no  errors. 

Jam-Handy  (E-14)  Trainer  test:  average  score  of  8.6  or  better. 

As  soon  as  a  new  gunner  reports  to  the  unit,  he  is  given  these 
tests.  If  he  passes  all  of  them,  he  is  qualified  for  combat.  If  he 
fails  any  of  them,  he  is  not  qualified  and  must  practice  until  he 
can  pass.  The  skills  covered  by  these  tests  are  so  essential  that 
a  gunner  cannot  be  considered  as  qualified  unless  he  passes  all  of 
them. 

Gunners  who  have  qualified  and  are  on  operations  are  checked 
on  these  qualifying  skills  every  two  weeks.  Those  who  pass  all 
the  tests  are  not  required  to  practice  in  these  basic  subjects  until 
they  report  for  their  next  periodic  test  two  weeks  later.  Any 
gunner  failing  one  of  these  tests,  however,  is  scheduled  for  addi¬ 
tional  practice  in  that  subject  until  he  qualifies. 

To  furnish  additional  motivation,  it  should  be  provided  that  a 
gunner  who  is  not  qualified  is  not  eligible  for  promotion. 

The  tests  in  themselves  provide  2  to  3  hours  of  practice  a  month, 
since  the  stripping  and  assembly  check  requires  30  minutes,  the 
care  and  cleaning  check  takes  60  minutes,  the  turret  checks  take 
60  minutes,  and  the  Jam-Handy  (E-14)  Trainer  test  requires 
about  18  minutes. 

There  are  three  other  types  of  practice  which  are  important  to 
the  gunner,  but  for  which  it  is  impossible  to  establish  dependable 
scoring  methods  and  minimum  levels  because  of  uncontrollable 
variables  which  affect  the  gunner’s  performance.  All  that  can 
be  done  in  these  fields,  therefore,  is  to  require  that  gunners,  quali¬ 
fied  or  not,  receive  additional  practice,  as  follows : 
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I  hurt 

*»*)<**  ft* 

Burst  control  (firs  a  minimum  of  72  round*) _  % 

Gun  earners  (fly  one  mission  per  month  and  be  shown  the  assessed 

film  by  an  Instructor) _ _ _ „ _  2 

Turret  manipulation  (turret  gunners  only)... _ „ _  2 


If  satisfactory  methods  of  scoring  these  skills  become  available 
they  should  be  added  to  the  list  of  minimum  standards.  AH 
standards  and  required  practice  periods  should  be  changed,, of 
course,  to  fit  changes  in  the  gunners*  equipment,  responsibilities, 
or  training  devices.  Adoption  of  this  Standard  Practice  Program 
should  not  prevent  any  unit  from  using  any  additional  training 
procedures  or  devices  it  wishes. 


Evaluation 


The  theoretical  significance  of  such  a  study  as  has  here  been 
reported  is  inconsequential,  for  the  data  are  not  sufficiently  pre¬ 
cise,  nor  are  the  conditions  under  which  they  were  obtained  suf- 
ficio.ntly  well  controlled  or  described  to  admit  generalizations  that 
would  be  widely  applicable.  But  the  study  did  have  practical  sig¬ 
nificance  for  the  Air  Force  in  which  it  was  conducted,  and  this  is 
sufficient  justification  for  the  amount  of  work  which  was  done. 
The  most  obvious  and  immediate  value  of  the  study  was  its  influ¬ 
ence  on  the  gunners  participating  in  the  squadrons.  These  gun¬ 
ners,  being  subjects  in  a  project  that  was  receiving  enthusiastic 
support,  were  given  the  training  which  all  gunners  in  a  combat 
theater' should  have  had  during  their  operational  tour.  Finally, 
the  influence  of  the  project  spread  to  other  groups,  which  became 
concerned  concurrently  with  improving  their  training  programs. 

BASIC  GUNNERY  REFRESHER  TRAINING  FOR  COMBAT 
RETURNEES  — AN  EVALUATION  OF  A  TRAINING 
PROGRAM  DESIGNED  FOR  A  SPECIAL  GROUP  • 

Background  Information 

.  In  recognition  of  the  imports  nee  of  the  full  and  effective  utiliza¬ 
tion  of  returned-from-combat  gunners,  psychologists  in  the  AAF 
Personnel  Distribution  Command  and  in  the  training  Air  Forces, 
during  the  summer  and  fall  of  1944,  carried  out  studies  which 
included  material  on  the  willingness  of  returnees  to  volunteer  for 
a  second  tour  of  combat  duty.  These  studies  included  2,474  gun¬ 
ners  passing  through  various  redistribution  stations,  and  3,023 
gunners  already  assigned  to  various  airfield?  in  the  training  air 
forces.  Among  the  assigned  guimers,  6  percent  desired  to  return 
to  combat  immediately,  and  an  additional  26  percent  reported 


•The  refresher  training  program  woe  developed  and  evaluated  by  Lt.  Frank  J.  Harris  and 
Sgt.  Alexander  N.  Levina,  under  the  general  aupervleton  of  Capt.,  Robert  A.  Collins, 
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gome  dcslro  to  return  or  were  indifferent  toward  returning. 
Among  the  gunners  studied  at  the  redistribution  stations,  3  per¬ 
cent  were  “eager  to  return  immediately,*'  an  additional  7  percent 
planned  to  volunteer  in  6  months  or  so,  and  23  percent  more 
reported  no  objections  to  returning  after  a  rest  of  9  to  12  months 
In  the  United  States. 

In  the  study  of  the  assigned  gunners,  VL  was  also  found  that 
although  42  percent  thought  that  they  would  need  no  additional 
training  for  a  second  tour,  an  appreciable  portion  of  the  remain¬ 
der  felt  a  definite  need  for  more  air-to-air  firing,  and  for  training 
in  crewmanship,  in  turret  operation,  and  in  sights  and  sighting. 
It  was  also  found  that  among  the  group  of  1,650  assigned  gunners,. 
53  percent  had  never  received  gun  camera  instruction,  36  percent 
had  not  had  instruction  on  the  Jam-Handy  (E-14)  Trainer,  29 
percent  had  not  had  position  firing  instruction,  and  20  percent 
had  not  studied  preventive  maintenance  in  gunnery  school,  ac¬ 
cording  to  their  statements, 

As  a  further  development  in  the  problem  of  utilization  of  re- 
iurned-from-combat  gunners,  the  need  for  a  refresher  training 
program  adapted  to  their  special  experiences  led  to  the  develop¬ 
ment  and  evaluation  of  such  a  refresher  course. 

The  Problem 

The  problem  for  this  study  was  three-fold:  first,  to  design  a 
program  which  would  efficiently  bring  the  returnees  up  to  proper 
standards  of  proficiency  in  basic  gunnery  and  which  would  stress 
the  newer  developments  in  gunnery  methods;  second,  to  evaluate 
this  program  in  terms  of  actual  gunnery  proficiency  achieved 
through  its  use;  and  third,  to  modify  the  recommended  program 
in  terms  of  the  results  of  the  evaluation  carried  out 

i  . 

The  Procedure  • 

Jn.  view  of  the  extensive  previous  gunnery  experience  of  retur¬ 
nees,  special  consideration  was  given  to  their  characteristics  in 
planning  the  new  program.  Among  these  characteristics  for  thes 
group  studied,  the  following  features  seemed  especially  relevant.  * 
Among  the  253  returnees  participating  in  the  project,  the  average 
gunner  had  flown  39  missions,  and  fewer  than  5  percent  had  flown 
less  than  20  missions.  However,  the  average  gunner  ir.  this  group' 
had  completed  his  basic  gunnery  training  21  months  previously, 
10  percent  had  never  received  basic  gunnery  school  training,  and 
only  about  12  percent  had  completed  basic  gunnery  within  1  year 
past.  Preliminary  phase  checks  and  achievement  tests  adminis¬ 
tered  to  these  gunners  showed  that  less  than  5  percent  equalled 
or  excelled  the  average  gunnery  graduate  on  gunnery  knowledge, 
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as  measured  by  the  Gunnery  Final  Examination;  and  less  than 
3  percent  of  the  group  could  pass  any  phase  check  with  a  grade  of 
3  or  higher.  * 

Using  the  8-week  program  described  earlier  in  this  chapter  as 
a  basis,  the  course  for  combat  returnees  was  designed  by  reducing 
the  amount  of  time  devoted  to,  various  courses,  by  increasing  the 
amount  of  emphasis  given  to  newer  developments  in  each  course, 
and  b/  considering  throughout  the  fact  that  this  was  to  be  a* 
refresher  course  for  well-experienced  gunners.  After  all  adapta¬ 
tions  in  the  program  based  on  these  considerations  had  been  made, 
it  was  -found  that  the  training  plan  could  be  accomplished  in  a 
period  of  &  weeks. 

The  experimental  group  consisted  of  two  classes  of  combat 
returnees  enrolled  in  the  8-week  experimental  course  of  training. 
A'Vnihe  start  of  the  course,  each  class  numbered  60,  including  30 
graduates  of  airplane  mechanic  schools,  assigned  to  the  Martin 
turret,  and  30  graduates  of  armament  schools,  assigned  to  the 
Emerson  turret  During  the  course  of  the  experiment,  one  stu¬ 
dent  was  dropped  from  each  class  for  administrative  reasons. 
For  these  two  groups,  all  available  data  on  gunnery  proficiency  in 
terms  of  performance  on  the  Gunnery  Final  Examination  (GFE), 
on  phase  checks,  and  on  ranges,  trainers,  and  air-to-air  firing, 
were  obtained  for  comparison  with  the  proficiency  attained  in 
these  measures  by  basic  gunners  trained  under  the  existing  eight- 
week  program.  _ 

Result*  /  ,  ..  "/  *  ■-  '  ' 

The  basic  results  of  this  experiment  are  presented  in  tables 
11.16  through  11.20.  The  overall  picture  presented  by  these  data 
is  one  supporting  the  view  that  the  3-week  program  accomplished 


Table  11.1 6.-  Knowledge  of  gunn&ry  of  combat  returnees  in  3-week  courts 
and  of  basic  gunners  in  8-week  course:  Average  scores  attained  on  gunnery 
final  comprehensive  examination  (Form  GFE )  (January -March  X94S) 


.  • 

Combat  returnees— 

B.  i*Io  gunner* 

’•  * 

total 

Clate  <5-1 

Claw  45-8 

N 

Mean 

N 

Mean 

N 

Mean 

GFE  acorta : 

Sighting 

118 

118 

118 

16  S 

109 

' 

Weapon* _  _ _ 

17.0 
.  35.1 

20.7 

1&7 

32.5 

20.0 

Crevmanshlp  _ 

22.0 

112 

109 

109 

Turret* ! 

Martin.  . . 

59 

SQ 

09  A 

•  44 

23.7 

19.0 

Emerson _ _ 

23.0 

22.4 

21 

Total  ecore _  _ 

118 

95.7 

109 

90.7 

JL14 
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for  these  returned-from-combat  gunners  the  same  thing  that  the 
8-week  course  was  doing  for  gunnery  students  without  previous 
experience.  .  ‘ 

More  specifically,  the  returnees  achieved  a  knowledge  level 
which  compared  favorably  svith  that  of  basic  graduates,  In 
weapons,  crewmanship,  and  in  total  score  on  the  final  examination, 
they  showed  a  slight  superiority  over  the  basic  students.  With 
regard  to  proficiency  in  the  care  of  equipment,  the  returnees  did 
not  achieve  as  high  a  level  on  average  scores  on  the  care  and 
cleaning  and  turret  phase  checks.  No  simple  explanation  of  this 
difference  Appeared  to  be  available.  Item  analysis  results  on  the 
phase  check  errors  indicated  that  the  experimental  group  made 
its  most  frequent  errors  on  detailed  items  of  procedure.  It 
appeared  possible  that  greater  stress  on  these  points  for  the 
returnees  would  have  brought  them  up  to  the  level  of  basic  gun¬ 
nery  graduates.  It  must  be  especially  stressed  that  all  of  the 
returnees  succeeded  in  passing  all  phase,  checks  with  a  score  of  3 
or  higher,  as  reported  in  table  11.19,  and  that  the  difference  In 
proficiency  between  them  and  the  basic  gunnery  graduates  was, 
not  very  great  *  ' 

The  performance  of  the  experimental  group- in  their  basic  gun¬ 
nery  courses  and  on  the  synthetic  trainers  compared  favorably 
with  basic  gunnery  graduates,  as  shown  in  table  11.17.  The 
superiority  of  returnees  on  inter-communication,  on  weapons,  and 
on  the  Jam-Handy  (E-14)  Trainer  may  be  particularly  noted. 

Table  11.17. — Proficiency  in  gunnery  courses  of  combat  rehirnsSbin  3-week 
course  and  of  basic  gunners  in  8- week  course:  Average  scores  in  courses, 
trainers,  and  ranges  (February-March  19 AS) 


- 

Combatre- 

*  - 
Basic  gunatrs  " 

i  V 

turners,  total 
mean 

Class  45-3 
mean 

Class  45-6 
mean 

WT* 

Course  Grades: 

90.4 

85.1 

*  ' 

82.2 

86.0 

87;2 

85.T 

S4.T 

35.1 

85.3 

Trainers : 

A  _  _ 

90.1 

80.4 

‘  s’ 

•  86.9' 

22.3 

33.0 

27.T 

<*> 

85.3 

7C.5 

8S.5 

74.5 

(») 

Ground  Ranges: 

Moving  base _  _  —  -  - 

High  tower - - - 

<*>  «  , 
59.3 

62.5 

53.0 

51.3 

70.6 

54.6 

58.0 

71.8 

10.1 

19.3 

'  19.1 

20.6 

24.0 

22.7 

110 

105 

110 

-  - 

.  -i  - ...» 

'  N  actually  varies  slightly  due  to  absontecs,  or  small  number  of  students  dropped  during 
later  portions  of  course, 

*  Scores  not  available. 
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The  somewhat  pooler  performance  of  the  returnees  on  the  Waller 
Trainer  suggested  that  the  returnees  should  be  given  the  same 
amount  of  training  as  basic  gunners  received  on  it  On  ground 
ranges,  performance  on  the  High  Tower  Range  was  comparable 
to  that  of  basic  gunners.  However,  on  three  caliber  .50  machine 
gun  ranges,  Burst  Control,  Moving  Target  (handheld),  and 
Moving  Target  (turret),  the  scores  of  the  returnees  were  some, 
what  inferior  to  those  of  basic  gunners.  This  suggested  that  addi. 
lional  time  should  be  allotted  to  these  trainers  in  a  revised  pro. 
gram,  andpossd  a  problem  for  further  investigation. 

The  results  on  gun  camera  must  be  interpreted  with  caution 
because  of  the  fact  that  scorable  records  could  not  be  obtained  for 
all  members  of  the  group  and  because  the  Emerson  turret  gunners 
in  the  experimental  group,  like  their  basic  school  counterparts, 
flew  their  gun  camera  training  flights  from  the  tail  position,  which 
is  not  equipped  with  an  Emerson  turret.  However,  such  evidence 
air  was  available  indicated  that  both  Emerson  and  Martin  gunners 
had  attained  at  least  as  high  a  proficiency  in  this  skill  as  did  com- 
parable  basic  gunnery  graduates. 


Tabus  1J..18. — Proficiency  in  care  of  equipment  of  combat  returnee s  in  3-weck 
course  and  cf  basic  gunners  in  ii-week  course:  Average  phase  check  scores 
( January-Af arch  1945 ) 


/ 

• 

■ 

Basic  gunners 

Combat  returnees 

total 

1 

Phase  check  • 

Class  45-3 

Class  45-8 

. 

N 

Mean 

■N 

Mean 

N 

Mean 

Stripping  and  assembly _ 

118 

3.3 

.  105 

3.5 

110 

8.4 

Cr:e  and  cleaning  _  _ 

118 

3.5 

105 

4.4 

110 

1.6 

Harmonisation..  .  _ _ _ 

118 

4.8 

105 

4.8 

110 

4.8 

Martin  turret.  .  — 

59 

3.5 

44 

4.1 

44 

4.2 

Emerson  turret  _ 

59 

3.4 

18 

4.1 

22 

3.# 

Table  11.19. — Proficiency  in  care  of  equip', nent  of  combat  returnees  after 
8  days  and  after  8  weeks  of  refresher  training ;  Percent  passing  phase 
checks  with  grade  of  three  or  higher  (March  ISJfS) 


Phase  check 


Stripping  and  assembly. _ 

Care  and  cleaning _ 

HarmorliMlon _ _ _ 

Martin  turret _ 

Emerson  turret _ > _ 


N 


Number  passing 

8  days 

3  weeks' 

118 

77 

102 

11? 

92 

111 

118 

103 

118 

58 

58 

58 

59 

59 

59 

«  • 

lenta  who  failed  the  3-week  phase  check  were  given  make-up  check,  two  days  Iatsr, 
icd  In  each  case. 
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Table  11.20.— Proficiency  in  u»e  of  equipment  of  combat  returned  in  3 -week 
cottrie  and  of  batie  gunnert  in  8  •  week  count:  Gun  camera  tcortt  (March 


Combat  returns* 

Ba*lc  gunner* 

total 

1  Clast  45-10 

1 

Claat  45-11 

N 

Mean 

H 

Mean 

N 

Mean 

Martin  turrst _ 

.  62 

4.9 

102 

■fj 

124 

4.9 

Tail  turret . 

24 

3.5 

38 

Bi 

69 

3.0 

_ L, 

Conclusion 

it  is  believed  that  this  study  had  value  not'  only  in  the  fact  that 
it  provided  an  answer  to  a  specific  problem  confronting  gunnery 
training,  but  also  because  it  illustrated  the  possibility  of  design¬ 
ing  a  curriculum  for  a  group  of  trainees  having  important  unique 
characteristics.  It  is  true  that  the  results  of  this  study  raised 
definite  problems  for  further  investigation,  but  the  evidence  fo.md 
indicated  that  a  reasonably  close  approximation  to  a  satisfactory 
program  had  been  developed..  ■  , 

CRITIQUE  OF  PROGRAM  EVALUATION  STUDIES 

The  evaluation  of  a  complete  training  program  in  actual  opera¬ 
tion  provided  important  information  not  otherwise  available. 
Specifically,  it  had  the  following  unique  contributions  to  make: 
it  permitted  the  evaluation  of  a  new  program  in  terms  of  an  over¬ 
all  picture  of  gunnery  proficiency;  it  tqok  full  account  of  the 
interactions  between  the  various  phases  of  the  training  program; 
and  it  facilitated  the  uncovering  of  weaknesses  in  the  new  pro¬ 
gram  of  practical  difficulties  in  the  initiation  of  the' newer  proce¬ 
dures.  in  contrast  to  the  typical  laboratory  experiment  in  which 
a  specific  procedure  is  studied  in  terms  of  specific  criteria,  the 
evaluation  of  a  training  program  involved  the  comparison  of  the 
best  program  which  could  be  designed  on  the  basis  of  all  available 
evidence  with  the  program  existing  prior  .to  the  adoption  of  the 
new  curriculum.  Studies  of  this  type  were  especially  significant 
where  there  was  an  opportunity  for  initiating  comprehensive 
changes  in  several  phases  of  the  program  simultaneously. 

The  marked  contributions  possible  through  the  evaluation  of  a 
complete  program  in  operation  must  be  weighed  against  the 
serious  difficulties  which  beset  such  an  attempt.  Of  these  diffi¬ 
culties,  the  most  serious  was  the  impossibility  of  conducting  the 
evaluation  according  to  conventional  psychological  procedure  for 
controlled  experiments.  Either  the  two  groups  to  be  compared 
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were  trained  at  different  times,  thus  confounding  the  results  of 
changes  introduced  as  integral  parts  of  the  new  planned  program 
with  the  results  of  changes  occurring  in  the  gunnery  program  for 
different  reasons;  or  the  groups  to  be  compared  were  trained  by 
different  training  organizations,  thus  confounding  differences 
resulting  from  the  new  program  with  differences  associated  with 
the  characteristics  of  the  training  organizations  themselves. 
T!iese  difficulties  must  be  recognized  and  stressed,  because  impor¬ 
tant  changes  in  various  aspects  of  gunnery  training  necessarily 
occurred  during  the  course  of  evaluation  studies,  and  because 
important  deviations  from  the  ideal  of  standardization  were  not 
completely  eliminated  at  any  time  in  the  gunnery  program.  This 
limitation  clearly  prevented  the  evaluation  studies  from  being 
scientifically  rigorous.  The  fact  that  conditions  of  controlled 
experimentation  could  not  be  achieved  made  it  essential  that  con¬ 
scientious,  persistent  vigilance  be  exercised ;  first,  to  reduce  uncon¬ 
trolled  variations  to  a  minimum,  and  second,  to  record  specifically 
such  variations  as  did  occur  for  consideration  in  arriving  at  the 
final  conclusions.  '  ; 

A  further  problem  encountered  was  the  'difficulty  of  obtaining 
adequate  quantitative  data  on  certain  significant  aspects  of  gun¬ 
nery  proficiency.  In  part,  this  resulted  from  the  lack  of  suitable 
measures.  More  commonly,  however,  the  failure  to  secure,  suita- 
Dle  data  resulted  from  specific  difficulties  in  the  particular  train¬ 
ing  situation  which  prevented  the  precise  use  of  scores  which 
would  presumably  have  been  valid  under  more  favorable  operat¬ 
ing  conditions.  • 

In  spite  of  the  obstacles  encountered,  evaluation  studies  may  be 
considered  to  have  played  a  definite  part  in  the  improvement  of 
gunnery  not  only  because  of  the  unique  contributions  such  studies 
could  make  to  the  over-all  picture  of  gunnery  training,  but  because  ; 
they  served  to  provide  definitely  relevant  information  on  problems 
which  would  otherwise  have  been  dealt  with  by  expert  judgment, 
oy  tradition,  or  by  heated  argument.  ,  , 

SUMMARY  AND  EVALUATION 

Psychologists  in  gunnery  assisted  in  the  over-all  planning  of 
training  programs  through. three  types  of  activities:  the  prepa-  , 
ration  of  curriculums,  lesson  plans,  manuals,  and  other  instruc¬ 
tional  materials;  the  formulation  of  principles  of  program  plan¬ 
ning  growing  out  of  the  application  of  psychological  techniques  to 
specific  gunnery  programs ;  and  the  systematic  evaluation  of  train¬ 
ing  programs. 

One  of  the  most  important  of  the  systematic  investigations  of 
the  effectiveness  of  gunnery  training  was  the  study  of  gunnery  in 


combat  theaters.  The  results  of  three  such  studies,  concerned 
with  gunnery  in  the  Pacific  Theater  during  the  summer  of  1944, 
presented,  along  with  a  brief  evaluation  of  the  contributions 
o?  i  ich  studies  to  the  improvement  of  gunnery  training. 

An  evaluation  of  two  basic  gunnery  school  curriculums  is  re¬ 
ported.  This  investigation  compared  the  traditional  6-week  train¬ 
ing  course  with  an  experimental  8-week  training  course.  The 
relative  proficiency  of  students  pursuing  the  two  programs  was 
assessed  both  at  the  end  of  their  training  period  in  basic  gunnery 
and,  later,  during  their  training  at  a  training  air  force  station. 
In  terms  of  gunnery  proficiency  at  the  end  of  basic  training,  the 
experimental  program  proved  slightly  superior  to  the  traditional 
program ;  however,  there  was  no  evidence  of  superiority  on  meas¬ 
ures  of  proficiency  taken  during  a  later  period  of  training.  In 
terms  of  the  morale  of  the  gunners  pursuing  the  two  courses,  the 
experimental  course  was  judged  to  be  superior.  '  " 

In  an  effort  to  increase  the  efficiency  of  interim  training  between 
basic  gunnery  school  and  combat,  a  model  continuation  training 
program  was  set  up  a  training  air  force  station  and  the  proficiency  ■ 
of  gunners  under  the  new  and  old  programs  was  compared.  The 
experimental  program  was  markedly  superior  to  the  traditional 
program.  This  work  resulted  in  the  revision  and  standardiza¬ 
tion  of  the  course  of  gunnery  training  in  all  training  air  force 
stations.  '  '  ■ 

A  program  not  unlike  that  in  the  training  air  forces  was  • 
extended  to  an  operational  air  force  to  determine  the  most  /effec¬ 
tive  means  of  maintaining  the  proficiency  of  gunners  during  their 
combat  tours.  The  results  of  the  study  are  summarized  and  the 
recommended  program  for  maintaining  gunnery  proficiency  dur¬ 
ing  combat  is  outlined.  '  •  • 

During  the  final  year  of  the  war,  the  problem  of  planning 
refresher  training  for  gunners  returned  from  combat  who  had 
volunteered  for  a  second  tour  of  duty  became  important.  To' 
assist  in  this  planning,  an  experiment  was  performed  to  determine 
the  amount  of  training  necessary  to  bring  ex-combat  gunners  up 
to  the  level  of  proficiency  of  current  basic  gunnery  graduates.  It 
was  determined  that  three  weeks  of  refresher  training  wa3  ade¬ 
quate  to  achieve  this  goal. 

Such  studies  as  have  been  reported  in’  this  chapter  present  an 
interesting  problem  in  applied  psychology.  On  the  one  hand, 
the  methodology  employed  is  open  to  many  criticisms.  The  num-  <• 
ber  of  cases  was  frequently  small ;  the  criterion  instruments  were 
not  highly  sensitive;  circumstances  often  for 'od  changes  in  the 
experimental  design  during  the  course  of  an  in .  estigation ;  some 
extrapolation  from  available  data  was  necessary  to  make  de- 
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THE  NATURE  OF  PROFICIENCY  IN  GUNNERY  INSTRUCTION 

v  -  * 

The  Task  of  the  Gunnery  Instructor 

The  task  of  the  AAF  Gunnery  Instructor  (Military  Occupa¬ 
tional  Specialty  938)  was  officially  defined  as  follows:  \ 

*  '  '  *  * 

Instructs  military  personnel  in  all  phases  of  flexible  gunnery.  ■ 

Conducts  classes  and  maintains  discipline  among  students;  utilizes  teaching 
aids  such  as  charts,  models,  film  strips  and  motion  pictures;  conducts  range 
instruction  with  special  reference  to  the  observation  of  safety  precautions;  ■ 
organizes  students  for  training  in  air  firing. 

Must  meet  the  minimum  qualifications  required  of  an  aerial  gunner  with 
the  exception  of  qualification  for  flying  duty  which  is  desirable  but  not 
required;  must  maintain  proficiency  in  the  knowledge  and  skills  required  of 
an  aerial  gunner  and  have  acquired  a  broader  background  of  experience  in  • 
flexible  gunnery  to  be  a  competent  instructor. 

Completion  of  flexible  gunnery  instructor  course  at  an  Army  Air  Forces 
school  required.1 

This  description  of  the  instructor’s  task  was  rather  general. 
However,  the  requirement  that  gunnery  instructors  be  graduates 
of  any  instructor  training  course  implied  that  the  standards  ap- 
piied  by  the  school  were  also  contained  in  the  description  presented 
above.  It  was,  in  fact,  the  Instructors  School  which  usually 
determined  whether  or  not  a  particular  individual  became  a  flexi¬ 
ble  gunnery  instructor. 

The  organization  of  gunnery  instmction.-  -Gunnery  instruction' 
was  typically  specialized  instruction.  That  is,  each  instructor 
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taught  a  single  aspect  of  gunnery,  such  as  weapons  or  turrets  or 
sighting.  Tho  Instructors  were  not,  however,  trained  to  teach  & 
particular  specialty  but  were  given  a  general  course,  specializa. 
tion  taking  place  after  the  instructor  was  assigned  to  a  gunnery 
school,  to  a  training  air  force  station,  or  to  an  overseas  gunnery 
training  center  for  duty.  This  procedure  was  based  upon  the 
belief  that  although  it  was  possible  to  divide  the  subject  matter 
of  gunery  for  purposes  of  presenting  the  material  to  the  student, 
it  was  necessary  for  the  instructor  of  each  division  to  be  aware  of 
the  problems  of  gunnery  as  a  whole.  Specialization  of  the  instruc- 
tors  to  the  point  where  they  would  no  longer  be  aware  of  gunnery 
problems  which  existed  outside  of  their  specialty  would  have 
tended  to  reduce  the  effectiveness  of  their  instruction.  A  range 
instructor,  for  example,  who  did  not  know  turrets,  weapons, 
sighting,  malfunctions,  and  so  on,  was  not  considered  to  be  fully 
qualified  to  do  his  range  job  welt 

The  gunnery  instructor  was  required  to  possess  an  intimate 
knowledge  of  subject  matter  within  his  specialty..  In  addition,  he 
was  faced  with  a  relatively  difficult  teaching  problem.  In  many 
phases  of  gunnery  training,  each  instructor  would  see  a  particular 
group  of  students  for  only  a  few  meetings.  In  these  few  meet¬ 
ings,  the  instructor  had  to  impart  a  specific  amount  of  knowledge 
to  the  student.  This  required  that  the  instructor  be  especially 
effective,  since  the  student  had  little  time  to  accustom  himself  to 
unusual  personal  characteristics  of  the  instructor.  This  was 
especially  true  since,  for  most  students,  gunnery  was  a  new  and 
difficult  subject  which  had  to  be  mastered  quickly,  against  the  ‘ 
pressure  of  time.  This  put  great  demands  upon  the  instructor’s 
resourcefulness,  intelligence,  and  insight. 

Types  of  gunnery  instruction . — There  were,  in  general,  three  ' 
types  of  gunnery  instructors :  range  instructors,  classroom  instruc¬ 
tors,  and  air  firing  instructors.  The  men  in  each  of  these  groups  i 
faced  different  kinds  of  problems.  The  general  characteristics  of 
duty  for  each  type  of  instructor  are  presented  fjalow. 

(1)  The  range  instructor.— -The  range'  instructor  rrceived  the 
students  after  they  had  been  subjected  to  a  certain  basic  amount 
of  classroom  instruction.  For  the  most  part,  however,  range  in¬ 
struction  represented  for  the  students  a  new  type  of  gunnery 
learning  situation.  The  instructor  was  required  to  orient  the  stu¬ 
dents  to  the  nature  of  the  task  at  hand  and  to  supervise  the  firing 
on  the  range.  In  addition,  the  instructor  was  required  to  be 
observant  of  student  difficulties  and  to  offer  corrective  instruction 
wherever  necessary.  In  all  types  of  range  work,  safety  precau¬ 
tions  had  to  be  rigidly  enforced  by  the  instructor.  This,  in  itself, 
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•was  a  difficult  task,  considering  the  lack  of  range  experience  of  the 
typical  student.  In  order  to  be  effective  in  his  job,  the  range  in¬ 
structor  had  to  be  proficient  in  the  fields  of  sighting,  turret  manlp:* 
ulation,  weapons,  malfunctions,  turret  maintenance,  and  range  ’ 
estimation.  He  had  to  be  able  to  supplement  classroom  instruc¬ 
tion  in  any  of  these  areas.5  The  conditions  under  which  the  range 
instructors  worked  were  often  unfavorable.  Oral  instructions 
were  given,  in  many  cases,  in  competition  with  the  noise  of  gun¬ 
fire.  The  student  was  usually  in  a  turret,  where  it  was  difficult 
for  the  instructor  to  observe  his  behavior,  and  where  corrective 
instruction  was  difficult  to  administer. 

(2)  The  classroom  instructor. — The  classroom  instructor 
worked  under  more  favorable  conditions  in  many  ways  than  did 
the  range  instructor.  Gunnery  classes  were  usually  held  in  typi-. 
cal  classrooms,  equipped  with  blackboards,  desk  chairs  for  the 
students,  and  a  speaker's  ^stand  for  the  instructor.  Conditions  of 
temperature,  noise  level,  and  so  on,  while  not  always  ideal,  were 
not -as  unfavorable  as  in  the,  case  of  range  instruction.  The  class¬ 
room  instructor  had  to  have  a  facile  verbal  grasp  of  his  subject 
matter.  He  also  had  to  be  able  to  determine  the  difficulties  of  his 
students  from  their  questions  and  by  observation  of  their  behavior. 
He  had  to  be  adept  in  using  various  training  aids.  Some  20  train¬ 
ing  films,  numerous  film  strips,  and  several  series  of  posters  were 
prescribed  for  use  in  the  gunnery-training  program;  skill  was  re¬ 
quired  to  use  these  visual  aids  to  ma: Jmum  advantage.  Most  • 
classroom  instructors  had  to  be  familiar  with  phase  checks,  and  • 
some  instructors  had  to  be  expert  in  the  administration  of  phase  r 
checks  as  final  tests 'of  proficiency.  Some  instructs  had  to  be 
familiar  wuth  the  operation  of  the  Waller  Trainer,  others  "with , 
special  techniques  for  scoring  on  the  Jam-Handy  (E-14)  Trainer.* 
Instructors  in  interphone  had  to  be  able  to  teach  over  the  inter¬ 
phone  and  to  administer  tests  of  “talking”  and  “listening”  in  a 
classroom  filled  with  ambient  aircraft  noise.  All  instructors  had 
to  be  competent  administrators  of  examinations,  and  they  had  to 
know  simple  statistical  and  clerical  procedures  for  determining 
and  reporting  student  grades.  Like  the  range  instructor,  the 
classroom  instructor  had  lb  be  aware  of  problems  in  fields  other 
than  the  area  of  his  owrn  specialization,  yet  this  knowledge  could 
be  of  a  verbal,  rather  than  a  performance,  type.  In  many  cases, 
actual  gunnery  proficiency  was  not  required  of  the  classroom 

instructor  in  any  field  except -that  of  his  own  specialty.  • 

»  « 

*  The  requirements  for  Instrictor  proficiency  differed  on  tbs  various  types  of  ran sis.  la 
ranges  employing  hand-held  r.’-ns,  for  example,  proficiency  In  turret  manipulation  and  main¬ 
tenance  was  not  essential.  Oi  the  other-hand,  on  some  range*,  such  as  the  shotgun  ranges, 
the  Instructor  was  expected  l»  be  an  expert  marksman. 
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(3)  The  air-firing  instructor.— -The  most  difficult  of  the  in. 
structing  tasks  was  faced  by  the  air-firing  instructors.  Some  of 
the  difficulties  under  which  these  men  worked  were  pointed  out  in 
a  report  of  job  analysis  for  the  gunnery  student  in  the  air-firing 
training  situation.*  This  report  stressed  four  main  difficulties  of 
instruction  in  air  firing. 

The  first  of  these  was  that  students  who  had  never  flown  before 
exhibited  a  great  deal  of  awkwardness  in  the  flight  situation. 
This  was  true  of  simple  activities  such  as  walking,  carrying  am- 
munition,  and  so  on,  as  well  as  of  more  complicated  activities  such 
as  turret  manipulation.  The  reason  for  this  awkwardness  was 
stated  in  terms  of  the  .  student’s  inability  to  react  to  the  proper 
cues  in  operating  his  equipment  and  his  tendency  to  react  to  cue3 
which  were  irrelevant  to  the  job  to  be  done.  Inexperienced  stu¬ 
dents  tended  to  be  anxious  and  overly  alert  to  motions  of  the 
plane,  to  the  sound  of  gunfire,  often  reacting  with  random, 
inefficient  activities.  , 

Stress  was  placed  upon  the  fact  that  communication  with  a  stu¬ 
dent  was  extremely  difficult.  Talking,  except  for  an  occasional 
shouted  word,  was  impossible,  except  between  a  few  interphone- 
equipped  positions.  Much  communication  was  accomplished  by 
means  of  signs,  lip  movements,  and  gestures.  The  new  student 
had  difficulty  in  interpreting  many  conventional  signs.  This  was 
brought  out  in  the  original  report  as  follows: 

To  the  experienced  gunner,  a  twist  of  the  instructor^  wrist  may  mean  that 
he  should  lift  the  cover  of  his  gun.  To  the  naive  gunner,  this  sign  may  be 
completely  meaningless. 

• 

Another  difficulty,  and  one  which  was  extremely  important  for 
the  air-firing  instructor's  task,  concerned  the  lack  of  integration 
of  skills  on  the  part  of  the  student.  In  gunnery  training,  the  stu¬ 
dents  learned  many  skills,  typically  in  isolation  from  other  skills. 
In  the  air-firing  situation  these  skills  had  to  be  accomplished 
simultaneously.  Furthermore,  under  the  stress  of  the  air-firing 
situation,  many  previously  integrated  skills  appeared  to  break 
down.  As  stated  in  the  original  report,  this  difficulty  was 
expressed  as : 

»  i  ’  .  , 

Under  such- circumstances,  the  student  may  not  only  fail  to  integrate  his 
previously-learned  habits,  but  may  actually  appear  to  lose  his  skill  at  one  or 
more  of  them.  Thus  a  student  who  passes  the  malfunctions  course  with  honors 
will  persist  in  trying  to  hand-charge  a  second  position  stoppage.  In  one 
case  it  was  noted  that  a  student  elevated  his  guns  and  charged  them  three 
times  in  succession  although  the  ammunition  had  fallen  from  the  feedway. 

*ThU  work  was  done  by  Lt  Arthur  L.  Irion. 
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The  fourth  difficulty  mentioned  in  the  report  concerned  tho  emo¬ 
tional  behavior  so  often  manifested  by  students  In  the  air-flring 
situation.  This  was  not  a  serious  problem  with  students  who  had 
had  extensive  flying  experience,  but  for  many  gunnery  student? 
the  first  few  missions  were  frightening.  Thi3  tended  to  reduce 
the  student’s  efficiency  and  called  for  definite  understanding  and 
reassurance  from  the  instructor.  As  one  instructor  put  it: 

He  was  nearly  sick  on  the  way  back,  so  I  took  him  to  the  waist  with  mo  and 
pointed  out  things  to  him  through  tho  window.  Sometimes  you  have  to  .put 
your  arm  around  them  and  pat  them  on  the  back  a  little  bit'  to  let  them  know 
you  think  they’re  all  right  and  that  being  scared  is  something  that  happens 
to  everybody. 

In  addition  to  these  student  difficulties,  the  conditions  of  instruc¬ 
tion  were  very  poor.  Often  a  single  instructor  accompanied  a 
crew,  of  8  or  10  student  gunners  on  a  firing  mission.  In  the 
cramped  interior  of  the  plane,  the  instructor  could  sometimes 
neither  see  his  student  nor  talk  to  him  over  the  interphone.  Yet 
he  was  expected  to  solve  the  student's  problems  and  to  give  cor¬ 
rective  instruction  wherever  necessary.  ■  •  * '  . 

The  skills  required  of  the  air-firing  instructor  were  more  exten¬ 
sive  than  in  the  case  of  other  instructors.  He  had  to  know  vir¬ 
tually  every  phase  of  gunnery,  including  special  skills  such  as 
gun  camera  techniques.  He  was  required  to  be  especially  skilled 
in  “calling”  attacks  for  the  students,  telling  them  when  to  open 
fire,  when  to  cease  fire,  and  pointing  out  to  them  the  character-, 
istics  of  each  of  the  various  types  of  attack.  In  consideration  of 
the  hazards  involved,  the  air-firing  instructor  had  to  emphasize 
saf'  „y  precautions  more  than  other  instructors. 

The  mode  of  living  of  air-firing  instructors  presented  unique 
problems.  In  many  schools,  these  instructors  were  required  to 
fly  more  hours  per  week  than  was  consistent  with  the  maintenance 
of  personal  efficiency.  In  one  school,  air-firing,  instructors  were 
expected  to  fly  ten  or  eleven  4-hour  missions  a  week.  Time  off, 
was  limited  to  1  afternoon  a  week.  In  addition  to  strenuous  aerial 
duties,  instructors  were  required  to  hold  preflight  briefings  and 
postflight  critiques.  They  were  also  responsible  for  the  loading  of 
the  plane  with  guns  and  ammunition.  These  duties  often  kept  the 
air-firing  instructor  on  duty  from  5  o’clock  in  the  morning  until  6 
o’clock  in  the  evening.  Such  conditions  often  led  to  a  continuous 
state  of  fatigue,  which  was  aggravated  by  the  normal  nervous 
strains  experienced  by  those  engaged  in  a  hazardous  occupation. 
Inevitably,  the  instructors  were  involved  in  frightening  situations 
upon  occasions.  These  conditions  served  to  increase  the  difficul¬ 
ties  under  which  the  air-firing  instructors  worked. 
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Measuring  Proficiency  In  Gunnery  Instruction 

It  should  be  evident  that  the  task  of  the  gunnery  instructor  was 
often  complicated  and  difficult  To  select  and  train  competent  in¬ 
structors,  it  was  necessary  to  establish  some  measure  of  instruc¬ 
tional  proficiency.  A  determination  of  the  influence  of  the 
instructor  upon  student  performance  would  have  been  indicated 
had  there  existed  an  adequate  criterion  of  gunnery  proficiency.4 
Unfortunately,  such  an  instrument  was  not  available.  Because  of 
this  lack,  instructional  proficiency  could  not  be  determined  on  the 
basis  of  student  performance.  Consequently,  efforts  were  di¬ 
rected  toward  developing  criterion  measures  in  accordance  with 
the  assumption  that  instructional  qualities  and  techniques  which 
were  considered  to  be  of  importance  in  the  teaching  of  other  sub¬ 
jects  would  also  be  important  in  the  teaching  of  flexible  gunnery. 
On  the  basis  of  careful  rational  analysis,  four  qualities  were  se¬ 
lected  as  being  of  prime  importance  for  instructors.  These  were: 

1.  The  intelligence  of  the  instructor!  * 

2.  The  amount  of  gunnery  knowledge  possessed  by  the  instructor.. 

3.  The  degree  of  personal  adjustment  of  the  instructor. 

4.  The  facility  of  the  instructor  in  putting  to  use  accepted  principles  of 

teaching.' 

It  should  be  noted  that  intelligence  and  personal  adjustment, 
which  might  have  been  thought  of  as  predictors  of  teaching  pro¬ 
ficiency,  were  instead  considered  as  integral  parts  of  the  criterion. 
Methods  of  assessing  these  characteristics  .are  discussed  in  the 
following  pages. 

The  measurement  of  instructor  intelligence. — It  was  considered 
that  the  intelligence  of  gunnery  instructors  was  measured  ade¬ 
quately  by  the  Army  General  Classification  Test.  A  discussion  of 
the  level  of  intelligence  required  of  gunnery  instructors,  and  a  dis¬ 
cussion  of  selection  procedures  as  these  related  to  instructor 
intelligence  are  presented  later  in  this  chapter. 

The  measurement  of  gunnery  knowledge. — The  inclusion  of 
gunnery  knowledge  in  the  criterion  was  believed  to  be  justified  by 
the  fact  that  the  instructor,  in  contrast  to  the  gunner,  needed  an 
adequately  verbalized  understanding  of  gunnery.  Measurement 
of  the  instructor’s  gunnery  knowledge  was  accomplished  by  means 
of  standardized  objective  examinations.  These  examinations 
were  administered  at  two  periods  of  the  instructor’s  career:  be¬ 
fore  he  attended  the  Instructors  School,  and  while  he  was  in  at¬ 
tendance  at  the  school.  In  the  former  case  the  examination  of 

gunnery  knowledge  served  as  a  basis  for  the  selection  of  properly 

/  , 

"  -  “  1  4  m  « 

*  A  discussion  of  possible  criteria  of  flexible  gunnery  proficiency  Is  given  In  ch.  5. 

*  a 
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qualified  instructor  material,  whereas  in  the  latter  case  the  exami-  \ 
nation  served  as  a  basis  of  measuring  achievement  in  the  Instruc¬ 
tors  School  and  of  eliminating  unqualified  men  from  Instructor 
training. 

As  a  basis  for  instructor  selection,  two  examinations  were  used 
at  various  times:  the  Gunnery  Final  Examination  (in  any  of 
several  forms)  and  the  Instructors  Qualifying  Examination.  The 
latter  examination  was  based  upon  the  Gunnery  3?  inal  Examina¬ 
tion  and  was  composed  of  the  items  which  had  proved  to  be  the 
most  discriminating  while  contained  in  the  Gunnery  Final  Exami-  . 
nation.5  Reliability  coefficients  of  scores  obtained  on  the  Instruc¬ 
tors  Qualifying  Examination  ranged  between  0.80  and  0.90.  Tho 
Gunnery  Final  Examination  showed  a  similar  range  of  reliabiii-  ■ 
ties.  The  reliabilities -of  scores  on  form  D  ranged  between  0.80 
and  0.85,  while  reliabilities  obtained  from  forms  E  and  F  ranged  ■ 
between  0.85  and  0.90. 

Measurement  of  gunnery  knowledge  as  a  basis  for  elimination 
from  instructor  training  was  accomplished  by  means  of  the  In- '  • 
structors  Comprehensive  Final  Examination.  Reliabilities  on  this 
test,  as  determined  in  various  classes,  varied  between  0.79  and  s 
0.90. 

In  the  measurement  of  the  amount  of  gunnery  knowledge  pos¬ 
sessed  by  the  instructor  it  was  assumed  that,  other  things  bfei'ng 
equal,  the  more  gunnery  knowledge  the  instructor  possessed,  the 
greater  liis  proficiency  would  '  ■'  ,  •  '  '  • 

The  measurement  of  personal  adjustment . — It  was  assumed  . 
that,  other  things  being  equal,  those  individuals  who  manifested 
the  fewest  neurotic  symptoms  would  prove  to  be  the  most  pro-' 
ficient  instructors.  In  terms  of  neurotic  impairment,  in  terms  of  • 
the  necessity  for  the  instructor  to  react  realistically  and  sensi- 
tively  to  the  needs  of  his  students,  or  in  terms  of  the  necessity  for 
instructors  to  behave  in  an  efficient  manner  in  potentially  danger¬ 
ous  situations,  it  appeared  that  this  assumption  might  be  fairly 
made.  However,  no  demonstration  of  the  most  desirable5 
personality  structure  for  instructors  was  made. 

Fortunately,  a  small  but  excellent  standardization  group  existed, , 
against  which  validation  of  measures  of  adjustment  of  instructors 
could  be  accomplished.  This  standardization  group  was  made  up 
of  instructors  at  the  Instructors  School.  These  individuals,  who 
had  been  carefully  selected  from  among  gunnery-school  instruc¬ 
tors  and  the  graduates  of  the  Instructors  School,  represented  a 


“Tho  Gunnery  Final  Examination  is  described  in  cb.  7.  The  li.'tructors  Qualifying 
Examination  will  be  treated  later  in  this  chapter. 

•For  •  discussion  of  how  the  score*  obtained  from  these  test*  were  u?cd  In  the  selection 
and  elimination  of  instructors,  see  ch.  13. 


highly  effective  and  able  group  of  instructors,  both  with  respect  to 
their  ability  and  to  their  personal  characteristics.  An  evaluation 
of  the  ability  and  adjustment  of  the  group  of  instructors  at  the  In¬ 
structors  School  is  difficult  to  document.  Information  on  the  pro- 
cedures  used  in  the  selection  of  these  individuals  is  perhaps  the 
most  satisfactory  way  to  indicate  the  caliber  of  these  men.  A  po¬ 
tential  instructor  at  the  Instructors.  School  had  first  to  be  selected 
to  attend  the  school  as  a  student.  This  meant  that  he  had  met  high 
standards  of  intelligence  and  gunnery  knowledge.  As  a  student 
in  the  Instructors  School,  he  would  be  considered  for  possible  re¬ 
tention  as  an  instructor  only  if  he  were  sufficiently  outstanding 
to  obtain  favorable  recommendation  from  his  instructors.  If 
recommended,  he  would  then  be  interviewed  by  an  officer  in  charge 
of  one  of  the  instructional  departments.  Candidates  endorsed  by 
these  officers  would  then  be  scheduled  for  an  interview  with  an 
officer- whose  main  function  was  to  enforce  high  standards  of  in¬ 
structor  selection.  If  recommended  by  this  officer,  the  student 
would  become  a  candidate  for  selection  as  an  instructor  and  would 
be  called  before  an  Instructor  Selection  Board.  This  board  con¬ 
sisted  of  key  officers  from  each  of  the  instructional  departments,, 
the  officer  in  charge  of  the  instructors,  and,  often,  a  psychologist. 
The  candidate  would  be  examined  carefully  and  thoughtfully  by 
thic  board  on  the  basis  of  a  standardized  examining  procedure. 
This  board  was  concerned  more  with  the  personal  adequacy  and 
adjustment  of  the  individual  than  with  his  proficiency,  3ince  the 
student  had  already  passed  through  several  screenings  intended 
to  weed  out  the  incompetent.  Only  those  students  who  were  en¬ 
dorsed  by  the  Instructor  Selection  Board  were  retained  on  the 
staff  of  the  Instructors  School.  Approximately  5  percent  of 
Instructors  School  students  in  each  class  were  selected  for  reten¬ 
tion  on  the  staff.  The  group  of  instructors,  obtained  under  these 
procedures,  was  considered  to  be  as  fine  a  group  of  instructors  as 
could  be  gathered  together  in  a  military  situation.  For  these  rea¬ 
sons,  it  was  decided  to  make  the  personality  characteristics  of  this 
group  serve  as  a  standard  against  which  the  adjustment  of 
individuals  in  other  groups  could  be  compared. 

The  measurement  of  teaching  'proficiency. — In  order  to  measure 
the  instructor’s  facility  in  the  application  of  commonly  accepted 
principles  of  instruction,  it  wa3  expedient  to  establish  a  situation 
in  which  the  instructor’s  teaching  behavior  could  be  observed. 
The  instructor  who  was  already  teaching  in  a  gunnery  school 
could  be  observed  in  his  classroom,  but  a  situation  for  measure¬ 
ment  was  most  needed  in  the  case  of  student  instructors.  It.  was, 
therefore,  necessary  to  provide  a  practice  teaching  situation  in 
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which  the  behavior  of  the  student  instructor  could  be  observed 
directly.  This  not  only  afforded  an  opportunity  to  measure  the 
student's  proficiency,  but  it  also  afforded  an  opportunity  for  the 
student  to  teach  under  supervised  conditions  and  a  chance  to  gain 
experience  which  he  could  not  otherwise  have  obtained. 

For  purposes  of  measuring  the  student’s  teaching  proficiency,  a 
rating  scale  was  constructed  in  April  1943.  Variables  for  the 
scale  were  based  on  the  consensus  of  officers  interested  in  the 
training  of  instructors  and  on  civilian  experiences  of  the  psychol¬ 
ogists  who  constructed  the  scale.  Fourteen  characteristics, 
deemed  important  to  effective  teaching,  were  included.  Scale 
values  varied  from  one  to  seven.  Ratings  were  made  on  each  of 
the  14  items,  where  applicable,  by  each  person  doing  the  rating. 
In  addition  to  the  identification  of  the  characteristic  of  each  item 
by  name,  the  low,  middle,  and  high  points  of  the  scale  were  defined 
for  each  item  by  descriptions  of  the  instructor’s  behavior.  Each 
of  the  items,  together  with  the  statements  which  defined  the 
various  scale  values  for  it,  is  presented  below:  .  . 

1.  Appearance  and  bearing . — 

Low:  Very  poor  appearance,  poor  bearing,  untidy,  careless  of  person^ 

Middle:  Acceptable  appearance,  fair  bearing,  fairly  neat  and  well 
groomed. 

High:  Very  favorable  appearance,  good  bearing,  neat  and  well 

groomed. 

2.  Voice.—  •  - 

Low:  Has  poor  teaching  voice;  unpleasant,  poorly  modulated,  weak; 

Middle:  Has  fairly  good  teaching  voice;  moderately  agreeable,  well 
modulated,  loud. 

High:  Has  good  teaching  voice;  pleasant,  well  modulated,  sufficiently, 

loud. 

3.  Fluency . — 

Low:  Poor  articulation;  presentation  markedly  jerky,  monotonous. 

Middle:  Fair  articulation;  presentation  sometimes  jerky,  monotonous. 
High:  Very  good  articulation;  smooth  flowing  presentation. 

‘  4.  Poise. — 

Low:  Lacks  self-control  and  assurance;  is  nervous  and  ill  at  ease. 

Middle:  Shows  some  composure  and  presence  of  mind,  but  is  not 
entirely  at  ease. 

High:  Shows  self-control  and  assurance;  is  completely  at  ease. 

5.  Logic. — 

Low:  Presentation  lacks  coherence;  reasoning  poor  and  hazy* 

Middle:  Thinking  slightly  disorganized  but  reasoning  generally  sound. 
High:  Presentation  coherent  and  reasoning  sound. 

6.  Ability  to  express  self. — 

Low:  Expresses  himself  very  poorly;  is  some^mes  obscure,  unintel¬ 

ligible. 

Middle :  Expresses  himself  moderately  well ;  at  times  is  vague. 

High:  Expresses  himself  clearly  and  accurately. 

703326—47—23 
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7.  Use  of  teaching  aids <— 

Low:  Falls  to  make  effective  use  of  teaching?  aids. 

Middle:  Occasionally  uses  teaching  aids  effectively. 

High:  Uses  effectively  charts,  blackboards,  illustrations,. anecdotes. 

8.  Originality.— 

Low:  Procedure  entirely  routlnlzcd;  teaches  In  mccnanical  fashion. 

Middle:  Has  some  freshness;  sometimes  misses  chance  to  escape  roa. 
tine  teaching. 

High:  Teaches  creatively;  uses  fresh  ideas, humor,  new  and  interest* 

.  ing  methods. 

9.  Ability  to  arouse  interest  of  students. — 

Low:  Students  bored  and  indifferent  to  instructor  or  job. 

Middle:  Students  show  spurts  of  attentiveness,  or  are  only  casually 
interested* 

■  ’  High:  Students  alert,  enthusiastic,  attentive  to  instructor. 

10.  Feeling  between  instructor  and  students. — 

Low:  Feelings  negative;  antagonism*  fear,  resentment  evident. 

Middle:  Attitudes  neutral;  neither  friendliness  nor  antagonism  seem  to 
prevail. 

High:  Feeling  of  good  will'strongly  prevails. 

11.  Student  participation  in  class. — *.  ,  . 

Low:  Students  never  participate. 

Middle:  Students  occasionally  participate. 

High:  Students  frequently  participate.  1 

12 .  Today’s  preparation. —  • 

Low:  Completely  unprepared,  both  as  to  content  and  means  of  pre- 

entation.  ’  . 

Middle:  Mediocre  preparation;  work  of  class  not  well  planned  or  • 
organized.  .  . 

High:  Completely  prepared;  has  planned  and  organized  all  work  of 

class.  . 

■13.  Knowledge  of  subject. — 

Low:  Serious  lack  of  knowledge  of  subject;  gives  misinformation.  . 

Middle:  Generally  appears  well  informed  but  seems  to  lack  mastery  of  * 
*  subject.. 

High:  Demonstrates  complete  mastery  of  subject. 

14.  General  effectiveness  as  teacher. — 

Low:  Poor  teacher.  .  , 

Middle:  Fairly  good  teacher. 

High:  Very  superior  teacher.  , 

Raters  were  first  carefully  indoctrinated  on  the  use  of  the  scale, 
following  which  a  study  of  the  reliability  of  the  ratings  was  car¬ 
ried  out.7  Students  of  the  Instructors  School  classes  were  rated 
by  instructors  from  the  school  who.  had  previously  been  indoctri¬ 
nated  in  the  use  of  the  scale.  All  raters  assigned  ratings  inde¬ 
pendently  on  the  same  teaching  performances.  Odd-even  ratings 


’This  study  was  conducted  by  Lt  Thomas  P.  Gallagher,  Master  Sgt  Jack  O.  Adams,  and 
Sgt.  Ardle  Lubln, 
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of  thcao  Instructor*  were  correlated,  and  it  wna  found  that  cor¬ 
rected  correlation*  ranged  for  8  rater*  from  O.tfl  on  "Ability  to 
Express  Self,"  to  0.0-1  on  "General  Kffoctivonc**  a*  Teacher," 
Table  12.i  present*  thcao  data.  On  the  basis  of  theso  results,  it 
was  recommended  that  n  board  of  five  especially  trained  Instruc¬ 
tors  School  graduates  bo  used  to  rato  nil  Instructors  School  stu¬ 
dents  on  teaching  proficiency,  ns  measured  by  tho  scale.  This  rc<u 
ommcndntion  was  carried  out.  Later,  however,  only  two  raters* 
were  used  in  tho  evaluation  of  students.  In  order  to  teat  tho 
reliability  of  2  raters,  ratings  on  155  students  as  rated  by  pairs 
of  raters,  were  correlated  with  each  other.  The  correlation  co¬ 
efficient  as  corrected  by  the  Spearman-Brown  formula  was  found 
to  be  0.90  for  "General  Effectiveness  as  Teacher."  Table  12.2 
shows  the  intcrcorrelations  of  items  on  the  rating-scale.  It  should 
be  noted  that  the  ratings  on  the  first  13  items  correlate  fairly 
highly  with  the  "General  Effectiveness"  item.  These  correlations 
were  considered  to  be  sufficiently  high  to  warrant  the  use  of  the 
rating  on  this  item  rather  than  the  use  of  a  combination  of  scores 
on  the  other  items.  It  was  felt  necessary,  however,  to  insist  that 
,  the  raters  complete  the  first  13  items  prior  to  making  a  rating  on 
"General  Effectiveness  as  Teacher.”  .  •  •  ; 

With  the  passage  of  time,  less  attention  was  paid  to  the  indoc¬ 
trination  of  raters  on  the  use  of  the  rating  scale.  In  order-  to  test 
whether  or  not  the  reliability  of  the  rating  scale  was  being  main¬ 
tained  under  these  conditions,  several  months  after  the  studies  re¬ 
ported  above,  pairs  of  raters  were  observed  in  operation,  and  their 
ratings  on  104  students  were  collected.  The  correlation  between 
raters  for  the  "General  Effectiveness"  item  was  found  to  be  0.68.* 
This  decrease  in  reliability  indicated  that  the  insistence  upon 

.  «  •  *  >  .  ,  *  f .  . 

Table  12.1. — Reliability  of  gunnery  instructors  rating  scale:  Odd-even. relief 
bility  coefficients  (Spearman-Brown)  for  eight  raters  (class  43-9,  43-10, 
Buckingham,  July  1943)  .  .  ,  .  ” 


thorough  training  in  the  use  of  the  scale  and  constant  check  of  the 
work  of  the  raters  was  extremely  important  in  maintaining  the 
reliability  of  the  measurements  obtained  on  the  scale.  It  was  felt 
that  it  was  the  emphasis  upon  the  training  of  ,the  raters  which 
made  the  difference  between  the  results  obtained  by  means  of  this 
scale  and  the  results  obtained  from  the  use  of  other  rating  .scales 
of  instructional  proficiency.  These  studies  of  the  rating  scale  for 
'gunnery  instructors  demonstrated,  very  early  in  the  gunnery, 
research  program,  that  rating  scales  could  be  used  in  a  standard, 
ized  manner,  providing  the  raters  were  properly  trained.  . 

Objective  examinations  were  used  as  another  measure  of  teach, 
ing  proficiency.  An  examination  in  the  principles  of  instruction 
was  given  as  the  final  examination  in  the  course  in  teaching  meth> 
ods  at  the  Instructors  School.  Questions  on  the  examination  pre¬ 
sented  the  student  with  a  hypothetical  instructional  problem.  The 
student  was  required  to  select  one  of  several  possible  teaching 
techniques  to.  apply  in  such  a  situation.  Scores  obtained  on  the 
Teaching  Methods  Final  Examination  correlated  approximately 
zero  with  scores  obtained  on  the  Instructors  Bating  Scale,  de¬ 
scribed  above;  Scores  from-  this  examination  were,  used  as  one 
contributing  element  in  the  elimination  of  students  from  instruc¬ 
tor  training,  although  less  weight  was  given  to  such  scores  than  to 
ratings  from  the  Instructors  Rating  Scale;  ;;  r  >  vY 

Q  •  .  '  •.  '  •  i  -•••-  .>  •:  ■Is:  •*.» 

Summary  - 

The  task  of  the  gunnery  instructor  was  one  which  presented 
many  difficulties  and  which  required  the  exercise  of  a  considerable 
degree  of  talent  and  ability.  In  order  to  ensure  that  competent 
instructors  were  being  furnished  to  the  gunnery-training  pro¬ 
gram,  it  was  necessary  that  measures  of  instructional  proficiency 
be  established.  The  beat  criterion  of  instructional  proficiency 
would  have  been  based  upon  some  criterion  of  student  perform¬ 
ance.  Unfortunately,  such  a  criterion  of  gunnery  proficiency  was 
not  available  for  use.  This  required  that  instructors  be  assessed 
oh  the  basis  of  characteristics  which  had  presumptive  validity  for 
the  instructors  task.  Four  such  characteristics  were  selected  on 
the' basis- of  judgment.  These  were: 

1.  Intelligence.  '  . 

2.  Gunnery  knowledge.  ,  • 

8.  Personal  adjustment. 

4.  Teaching  proficiency. 

Intelligence  and  gunnery  knowledge  were  measured  by  the  use  of 
objective  tests.  A  rating  scale  was  developed  for  evaluation  of 
teaching  proficiency.  Although  no  measure  of  personal  adjust- 
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mcnt  was  obtained,  a  group  judged  to  be  high  in  this  character, 
istic  was  identified  for  use  in  the  validation  of  tests  purporting  to 
measure  it  ' 

Although  it  was  not  possible  to  make  an  experimental  determi. 
nation  of  the  validity  of  these  measures  of  instructional  profl. 
ciency,  it  was  judged  that  their  use  served  the  practically  impor¬ 
tant  purpose  of  guiding  work  in  the  selection,  elimination,  and 
training  of  gunnery  instructors. 

SELECTION  OF  FLEXIBLE  GUNNERY  INSTRUCTORS 
Introduction 

Students  for  the  Instructors  School  were  selected  from  grad- 
uates  of  the  basic  gunnery  schools.  Early  in  1943,  when  the  first 
&it*cHes  of  selection  were  carried  out  there  was  extreme  variability 
in  the  method  of  selecting  basic  gunnery  graduates  who  were  to 
become  instructors.  Table  12.3  indicates  the  variability  of  selec¬ 
tion  in  terms  of  Army  General  Classification  Test  scores. 

Note  that  f.wo  potential  instructors  had  AGCT  scores  below  88, 
and  that  the  range,  of  ability  was  very  great.  Table  12.4  shows  ‘ 
that  the  students  of  the  Instructors  School  varied  with  ’•espect  to 
_scores  on  an  achievement  examination  which  measured  gunnery 
knowledge.  Note  that  Instructor  School  students  from  three 
schools  had  mean  scores  below  average  for  basic  gunners  on  the 
gunnery  achievement  examination  used.  Little  effort  was  made 
•  to  assess  the  attitudes  of  students  toward  becoming  instructors. 


Table  12.2.-— Distribution  of  Army  General  Classification  test  scores  for  stu¬ 
dents  assigned  to  the  instructors  school  by  each  of  six  gunnery  schools 
(Classes  of  43-6  and  43-8,  February  1943) 


AGCT  scor« 

• 

School  represented 

„ 

Total 

Bucking¬ 

ham 

Harlingen 

Kingman 

Laredo 

Las  Vegas 

Tyndall 

85-88 _ 

1 

1 

2 

88-02 . 

£ 

£ 

2 

83-08 . . 

1 

2 

3 

97-100. 

4 

2 

i 

"  "  "  i 

$ 

101-104. ....  . 

3 

3 

1 

2 

.  2  ' 

ii 

105-108 

2 

3 

9 

1# 

4 

-  -  - 

3 

3 

8 

4 

23 

|ii  g.lt  ■ 

3 

4 

1 

7 

6 

4 

23 

117-120...  _ 

4 

4 

8 

8 

2 

4 

28 

121-124 _ 

2 

8 

4 

6 

2 

3 

23 

125-128 _ 

4 

1 

4 

2 

3 

2 

10 

120-132 _ 

1 

2 

2 

5 

1 

2 

13 

133—138 

S 

3 

2 

x 

9 

137-140 _ 

1 

2 

1  " 

7 

141-144  .. 

2 

{ 

5 

10 

145-148.. _ 

1 

x 

3 

140-152 _ 

"  "  "l "  " 

i 

153-158-.. _ 

i 

1 

3 

N  .  . 

32 

34 

33 

33 

35 

34 

204  _ 

Mean  _ 

m.oo 

121.70 

110.61 

121.24 

116.74 

119.03 

BD . . 

12.84 

14.88 

11.45 

15.05 

13.79 

13.45 

350 


Tabic  12.6  shows  that  of  172  students  in  tho  Instructors  School, 
77  of  them  did  not  desire  to  become  instructors.  Table  12.6 
shows  that  92  students  of  the  same  group  were  not  interviewed 
before  assignment  to  the  Instructors -School ;  12  of  them  were 
interviewed  for  1  minute,  and  17  for  6  minutes.*  The  efficiency 
of  a  training  program  is  so .  dependent  on  the  adequacy  of  its 
instructors  that  effort  was  immediately  directed  toward  improving 
instructor  selection  procedures.  * 

Until  such  time  as  a  thorough  selection  program  could  be  de¬ 
veloped,  it  was  recommended,  in  April  1943,  that  all  candidates 


Table  12.4. — Scores  made  by  instructors  school  students  selected  by  each  of, 
six  gunnery  schools  on  a  flexible  gunnery  entrance  examination  (February 
1943,  N  =  89)x  normed  on  basie  gunnery  school  students 


School 

■  Mean  score 

School 

Moan  score 

5.93 

Warllrf»n.._ 

4.98 

6.87 

Tyndall.  — ' — 

4.51 

5.84 

T.kr«ir»  .  ...  . 

s.ss 

i  The  scoro*  are  reported  in  terms  ot  a  9-point  scale,  tor  ■which  a  score  of  5  ta  average. 


Table  12.5. — Answers  to  the  question:  “ Did  you  want  to  come  to  the  instruc¬ 
tors  school?’’  made  by  students  selected  to  attend  the  instructors  school 
(Classes  4 3-8,  43-9,  March  1943)  by  each  of  six  gunnery  schools  ■ 


School 


Answer 

Bucking- 

ham 

Harlingen 

B| 

Laredo 

1 

Las  Vegas 

m 

Totsl 

T*s - ^ - 

9 

■a 

XT 

■a 

23 

XT  1 

35 

No  . 

13 

■a 

12 

9 

t 

-•  13 

TT 

Total _ 

22 

so 

29 

-  31 

30 

80 

ITS 

Table  12.6 .—Length  of  intemnew  prior  to  assignment  reported  by  student* 
selected  to  attend  the  instructors  school  by  each  of  six  < gunnery  schools 
(Classes  43-8,  43-9,  March  1943)  '  . ' 


" 

School 

Total 

Time  (In  minutes) 

- i 

Buck¬ 

ingham 

Harlin¬ 

gen 

King- 

man 

Laredo 

l>ai 

VegM 

Tyndall 

No  Interview _ 

1 _ 

^o---— ------- _ 

15-2K  _  — T 

■ 

i 

17 

2 

2 

3 

3 

2 

7 

8 

2 

7 

27 

1 

3 

7 

1 

4 

8 

5 

23 

... 

93 

13 
IT. 

14 

1» 

30-55 _ _ 

80  and  above _ 

Total- . 

s 

1 

1 

29 

4 

30 

31 

o  o 

I 

1 

3 

29 

11 

4 

169 

1 

- - - 

•  This  study  was  conducted  by  Capt.  Mason  Haire  and  Sgt  Ardic  Lubln,  in  March  V.94S. 
*  / 
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for  the  Instructors  School  be  carefully  interviewed,  and  that  a 
minimum  Army  General  Classification  Test  score  of  120  be  re¬ 
quired  for  admission  to  the  school.  Some  doubt  was  expressed 
whether  this  AGCT  requirement  could  be  met  In  order  to  deter¬ 
mine  whether  or  notan  AGCT  score  of  120  was  a  feasible  require¬ 
ment,  a  study  was  conducted  to  ascertain  the  AGCT  scores  of  in¬ 
structors  and  students  at  all  the  basic  gunnery  schools.  Table 
12.7  shows  the  mean  AGCT  scores  bf  all  instructors.  Only  2 
schools,  thc  lnstructors  School  and  Harlingen,  showed  mean  AGCT 
scores  above  the  recommended  score  of  120.  However,  it  was 
found  that  of  a  population  of  2,629  basic  gunnery  students,  22.76 
percent  had  AGCT  scores  over  120,  indicating  that  a  sufficiently 
large  group  was  available  from  which  to  select  candidates  for  the 
Instructors  School.  Figure  12.1  depicts,  graphically,  the  results 
of  this  study.* 

Following  this  study  a  directive  was  issued  by  the  AAF  Training 
Command  which  required  that  all  candidates: 

a.  be  a  graduate  of  an  Army  Air  Forces  Training  Command  Flexible  Gun¬ 
nery  School,  except  in  the  case  of  qualified  student  officers* 

b.  have  an  AGCT  score  of  120  or  above,  or  in  exceptional  casas  of  110  to 

11&.  .Exceptional  cases.are  defined  as  students  with  AGCT  scores" of  llff  to- 
119  who  have  special  training  such  as  combat,  teaching  experience,  or  4  years 
of  college  training  at  a  recognized  college  or  university,  which  will  compen¬ 
sate  for  their  somewhat  lower  general  ability;  -  c 

c.  have  qualified  within  the  past  2  months  on  the  Gunnery  School  Compre¬ 
hensive  Final  Examination  or  on  the  Instructors  Qualifying  Examination  with 
a  score  which  indicates  mastery  of  the  subject  matter  of  flexible  gunnery  to 
a  point  above  that  obtained  by  76  percent  of  regular  gunnery  students; 

d.  be  a  high  school  graduate; 

e.  have  the  general  attributes  and  attitudes  desirable  in  the  task  as  deter¬ 
mined  by  a  competent  interviewing  officer. 

• 

The  directive  served  to  fix  interim  policy  on  instructor  selec¬ 
tions  ;  meanwhile  a  project  was  initiated  for  the  development  of 
an  instructors’  selection  battery  which  would  ensure  a  relatively 
homogenous  population  for  the  Instructor*  School  with  respect  to 
characteristics  related  to  success.  The  remainder  of  this  chapter 
is  concerned  with  a  description  of  the  task  of  constructing  an 


Table  12.7. — The  average  AGCT  scores  of  instructors  in  the  six  basic  gun¬ 
nery  schools  and  in  the  instructors  school  (N=  S780,  November  19JIS) 


School 

• 

N 

Average 
AGCT  score 

CIS  Instructors.... 

119 

119.8 

Harltnsen.  _ 

- 

678 

128.1 

Lai  Vegas 

7/0 

128.3 

Buckingham  -  . 

593 

119.8 

Tyndall  ...  ...  ..  _  . . .  . 

848 

111.9 

Laredo  ..  ....  .  . 

491 

111.6 

Kinsman.  _ _  .  .  — 

489 

118.4 

•  _ _ 

•  This  study  was  dono  by  Capt.  Lawrence  M.  Btolurow. 
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instructor*’  selection  battery,  and  with  an  Indication  of  .the  prac¬ 
tical  use  of  this  battery  in  selection  arid  in  research* 

The  Construction  of  the  Instructors  Qualifying  Examination 

Battery 

The  problem. — There  were  two  measurable  aspects  of  success 
in  the  Instructors  School:  One,  knowledge  of  flexible  gunnery 
subject  matter  as  measured  by  the  Instructors  Final  Comprehen- 
slve^Examinatdon;  two,  teaching  ability  as  measured  by  the  Gun¬ 
nery  Instructors  Rating  Scale.  The  specific  task  of  the  test 
constructors  was  to  develop  a  battery  of  tests  which  would  reliably 
predict  success  in  the  school  as  measured  by  these  two  criteria.  • 

Exploratory  and  incomplete  attempts  at  test  development. — -Be¬ 
fore  describing  the  tests  used  in  the  final  battery,  there  will  be 
presented  an  account  of  various  tests  considered  for  possible  in¬ 
clusion  in  the  Instructors  Qualifying  Examination  battery.  In 
exploring  possible  approaches  to  the  measurement  of  teaching 
aptitude,  of  interest  in  teaching,  and  of  personal  adjustment, 
mafiy  tests  were  developed  and  tried  out  experimentally  with 
varying  degrees  of  success.  Time  was  an  important  considera¬ 
tion  limiting  the  extent  of  studies.  In  several  cases  tests  were 
developed  which  contained  items  with  satisfactory  validity  coeffi¬ 
cients  under  specific  circumstances,  but  when  tried  out  with  differ¬ 
ent  classes  much  variability  was  found.  It  was  necessary  to 
abandon  such  tests  and  to  devote  the  available  time  and  personnel 
to  the  development  of  instruments  less  sensitive  to  variations. 

The  first  test  to  be  tried  for  this  purpose  was  the  Opinions  on 
Instructing  Test.  This  test  was'  developed  by  the  Aviation  Psy¬ 
chology  Section,  Bureau  of  Medicine  and  Surgery,  United  States 
Navy.10  The  test,  originally  called  “Opinions  on  Teaching,"  was 
revised  slightly  to  conform  to  vocabulary  in  use  in  the  flexible 
gunnery  program  and  was  renamed  “Opinions  on  Instructing." 
The  test  was  designed  to  measure  opinions  regarding  instructional 
techniques,  and  it  was  felt  that  it  might  predict  teaching  profi¬ 
ciency.  Illustrative  items  from  the  test  are  presented  below. 

Directions: — Below  are  a  number  of  statements  expressing  opinions  on 
instructing.  They  are  statements  on  which  instructors  differ  great’v  among 
themselves.  You  are  asked  to  indicate  the  extent  to  which  you  u.\*ree  or 
disagree  with  each  of  the  statements.  Please  give  some  response  to  each  of 
the  items.  Use  the  following  scale:  (a)  Strongly  disagree;  (b)  dist.s*ree; 
(c)  undecided;  (d)  agree;  (e)  strongly  agree. 

1.  Students  should  be  on  time  to  the  minute  for  each  class. 

2.  The  good  instructor  spends  most  of  the  class  period  dictating  notes  to 
the  students. 


J»  The  evaluation  of  this  test  was  accomplished  by  Capt.  Wilbur  a.  Gregory  and  Lt.  TbomM 
P.  Gallagbsr. 
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3.  No  matter  what  rui«  *  atudei>t  breaks,  he  should  be  reported  to  the 
lupcrvlsor  or  C.O. 

4.  Ordinarily,  an  Instructor  should  not  talk  more  than  half  the  time  during" 
a  class  period.  * 

•  *  ■  ’ -  ‘  • 

The  test  was  administered  to  basic  gunnery  students,  to  Instruc¬ 
tors  School  students,  both  at  the  time  of  entrance  and  at  the  time 
of  graduation  from  the  Instructors  School,  and  to  the  instructors 
in  the  Instructors  School,  in  order  to  obtain  a  rough  index  of  the 
validity  of  the  teat.  The  original  key,  which  designated  1  answer 
among  5  as  correct,  presumably  on  an  a  priori  basis,  was  used. 
Score  was  total  rights.  The  data  presented  in  table  12.8  indicate 
that  the  differences  found  were  significant  statistically  in  the 
correct  direction,  but  that  they  were  too  small  for  practical  appli¬ 
cation. 

For  a  better  measure  of  the  validity  of  the  opinionnaire,  scores 
were  correlated  with  ratings  on  the  Gunnery  Instructors  Rating' 
Scale,  using  class  43-15,  totaling  124  students.  The  product 
moment  correlation  coefficient  was  found  to  be  0.10.  In  view  of 
this  low  validity  and  the  relatively  low  reliability  (see  table  12.8) 
it  was  decided  not  to  conduct  further  studies  in  an  attempt  to 
develop  this  test  for  a  selection  device.  ;  • 

A  second  test  which  was  considered  promising  was  the  Teach¬ 
ing  Principles  Examination.  This  examination  was  originally 
developed  as  a  course  .examination  for  teaching  methods^11  The 
nature  of  the  items  ^of  the  examination  was  such  that  it  seemed 
worthwhile  to  consider  the  examination  for  possible  use  in  pre¬ 
dicting  teaching  aptitude.  For  the  purpose  of  this  discussion  it 
is  sufficient  to  note  that  items  in  this  test  were  centered  around 
practical  teaching  situations  and  were  indicative  of  attitudes  and 
knowledge  of  teaching  principles  and  practices.  The  correlation 
was  determined  between  scores  on  the  examination  and  two  crite-, 
ria  of  success  in  the  Instructors  School,  the  Instructors  Final  Com¬ 
prehensive  Examination,  and  ratings  in  Practice  Teaching. 
Using  Instructors  School  class  44-29,  consisting  of  120  student^ 
the  scores  of  the  Teaching  Principles  Examination  correlated 
0.12  with  Practice  Teaching  ratings  and  0.04  with  scores  on  the 
Instructors  Final  Comprehensive  Examination. 

The  two  tests  considered  thus  far,  the  “Opinions  oh  Instructing 
Test”  and  the  “Teaching  Principles  Examination,"  had  several 
elements  in  common.  They  both  contained  Items  expressive  of 
attitudes  and  opinions  toward  teaching  principles  and  practices, 
and  both  seemed  heavily  weighted  with  a  verbal  factor.  Experi¬ 
ence  with  these  two  tests  suggested  that  Ihe  ability  to  teach 


uThls  teat  was  developed  Yiy  Lt.  Joseph  M.  Wcpman. 
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related  to  the  ability  to  verbalize  about  these  methods  and  tech- 
iiques. 


Table  12.8. — Reliability  coefficient!  and  critical  ratio!  between  mean  scores ' 
on  the -Opinion!  on  Irntrucling  test  using  bade  gunnery  student!,  Instruc¬ 
tor!  School  students,  and  Instructors  School  instructor a  (July  1943) 


Group 

No. 

0  roup  studied 

Phast  ot 
training 

- ? 

N 

M 

SD 

r  > 

Critical  ratios 
between 
Croups 

1 _ _ 

Bsilo  gunnery  *  (Class 
<3-28).  _ 

Graduate 

295 

35.12 

5.67 

0.42 

1  v  2=  *  5.07  » 
1  v  2=  *  4.3«i 

1  v4=*2.25« 
It)  5=  *3.871 

2  v  3=  1.02 

2  v  4=  »  5.52» 

2  V  5=  .82 

3  v  4=  *  6.32 » 
3  V  5=  1.06 

t 

Instructor*  school  (Class 
43-16) 

Graduate 

106 

38.18 

5.17 

.87 

1 

Instructors  school  (Class 
ss-ia) 

Entering 

95 

37.66 

6.66 

.58 

4 

Instructors  school  (Ctsss 

4«U1*)  .  . . . 

Graduate 

107 

<1.88 

4.55 

s 

Im  true  tor*  school  (In- 
fitrurtori) 

52. 

39.15 

6.89 

.61 

1  Based  on  Kuder-Rlchsrdson  Formula  No.  21. 

•  A  difference  of  thla  magnitude  would  be  expected  In  lea*  than  1  time  in  100. 

'  *  Laredo. 

Personal  Adjustment  Inventory. — The  use  of  returned  combat 
gunners  as  instructors  on  flexible  gunnery  training  stations  made 
it  necessary  to  consider  the  adjustment  of  men  selected  for  the 
Instructors  School.  For  this  reason,  the  Personal  Adjustment 
Inventory  was  constructed.  It  was  patterned  after  the  Personal 
Inventory,  DE201C,  but  greater  emphasis  was  placed  on  dis-' 
guising  the  “right”  responses.  The  original  test  contained  60 
items,  samples  of  which  are  presented  below. 


1- A.  1  have  a  tendency  to  become 

nervous  and  shaky  when  ap¬ 
proached  by  a  superior  offi¬ 
cer. 

2- A.  When  people  meet  for  the  first 

time  on  a  party  it  eases 
things  a  bit  if  a  drink  is 
passed  around. 

3- A.  I  always  seem  to  have  a  bad 

time,  no  matter  what  I  am 
doing.  . 

4- A.  I  am  often  too  tired  and  ex¬ 

hausted  even  to  eat. 


1-E.  I  sometimes  have  headaches. 


2- E.  Normal,  well-balanced  people 

don’t  need  a  drink  to  get 
.acquainted. 

3- E.  I  often  have  difficulty  in  fall¬ 

ing  asleep. 

4- E.  I  don’t  make  friends  very 

easily. 


Experience  with  gunners  had  indicated  that  there  was  some 
tendency  among  them  to  falsify  personal  adjustment  inventories 
with  obvious  answers.  In  order  to  get  a  more  accurate  estim’au- 
of  adjustment  it  was  felt  that  items  should  be  so  combined  that 
the  average  gunner  would  not  be  able  to  pick  the  “correct" 
responses. 
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The  test  was  administered  anonymously  to  300  instructors  of 
the  Instructors  School,  half  of  whom  took  the  Personal  Inventory, 
DE201C,  and  half  of  whom  took  the  Cornell  Selected  Index.  An 
item  analysis  showed  that,  of  the  60  items,  41  discriminated  be¬ 
tween  high  (upper  27  percent  of  cases)  and  the  low  (lower  27 
percent  of  cases)  groups  on  either  the  Personal  Inventory  or  the 
Cornell  Selectee  Index,  with  at  least  a  discrimination  index  (chi- 
square)  which  would  have  been  expected  to  occur  by  chance  less 
than  6  times  in  100,12  The  correlation  with  the  Personal  Inventory 
was  0.58  and  with  the  Cornell  Index  was  0.31. 

Further  work  on  the  Opinions  on  Instructing  Test  and  the  Per¬ 
sonal  Adjustment  Inventory  might  have  yielded  materials  which 
would  have  been  useful  in  the  final  battery.  However,  the  work 
was  stopped  at  this  point  ,  j 

Description  of  tests  used  in  the  final  battery J*  The  first  area  ■ 
chosen  for  inclusion  in  the  final  battery  was  gunnery  knowledge. 
Items  which  measured  gunnery  knowledge  were  selected  from 
gunnery  final  examinations  used  in  basic  schools.  Bevision  of 
gunnery  knowledge  items  kept  pace  with  new  delevolpihents  in 
gunnery  when  these  were  introduced  into  the  curriculum  of  basic 
schools.  •  *  ’  •  '  -  ■  r  .  I 

The  construction  of  a  battery  of  tests  to  cover  the  area  of  gun¬ 
nery  knowledge  presented  a  special  problem  in  that  each  candidate 
for  the  Instructors  School  had  been  trained  on  one  gun  position^ 
Therefore,  it  was  necessary  to  give  the  student  an  opportunity  to.‘ 
answer  these  test  items  which  were  concerned  with  his  gun,  posi¬ 
tion.  Consequently,  in  addition  to  items  covering  gunnery  knowl¬ 
edge  which  all  students  had  in  common,  there  had  to  be  a  choice  of 
items  covering  specialized  gun  positions.  There  were,  in  all,  90 
items  on  gunnery  knowledge.  Of  these,  70  were  devoted  to  ques¬ 
tions  about  aircraft  recognition,  sighting,  and  weaepons.  Twenty 
were  devoted  to  each  of  the  following  gun  positions:  Martin  tur-. 
ret,  Consolidated  turret,  Sperry  Lower  Ball  turret,  Sperry  Upper 
Local  turret,  Bendix  Upper  turret,  Bendix  Chin  turret,  Emerson' 
Nose  turret,  M-6A  and  M-7  gun  mounts,  and  B-29  turrets.  Each 
student  answered  all  70  general  items  and  then  selected  the  re¬ 
maining  20  items  dealing  with  the  gun  position  he  knew  best.  ’ 


u  This  project  was  conducted  by  Copt.  Lawrence  M.  Stolurow  and  Lt.  Gerald  R.  Pascal, 
“This  battery  of  tosts  was  developed  by  a  group  of  offleera  and  enlisted  men  working 
over  a  2-ycar  period.  Those  chiefly  rosponsiblo  were:  Capt  Lawrence  M.  Stolurow,  Capt 
Alfred  C.  Jensen,  Lt.  Gerald  R.  Pascal,  Lt.  William  B.  Schrader,  Staff  Sgt,  Robert  O. 
Balnbrldge,  Staff  Sgt  Marvin  Waldman,  Sgt.  Paul  Frcen  .0,  and  Cpl.  Herbert  W.  Gold- 
*trom.  Statistical  assistance  was  given  by  MsJ.  John  V.  McQultty,  Lt.  William  H.  Angoff, 
and  Staff  Sgt.  Hyman  B.  Knit*. 
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Illustrative  Item  1. — Aircraft  Recognition. 

Directions,— This  part  of  tha  examination  contains  a  group  of  pictures  of 
both  friendly  and  enemy  aircraft  similar  to  those  which  gunners  see  in  the 
different  theaters  of  operation.  Below  each  picture  are  five  namfi  of  dlf- 
ferent  aircraft.  You  are  to  select  tho  choice  that  you  think  is  correct  and 
mark  tho  answer  on  your  separate  answer  sheet. 

(Inserted  here  were  Photographs  of  planes  in  flight,  each  pho* 
tograph  being  the  basis  of  a  multiple-choice  item  made  up  of 
names  of  fighter  planes.) 

Illustrative  Item  2. — Sighting. 

Directions. — For  the  next  7  questions,  imagine  yourself  in  a  bomber  having 
a  true  air  speed  of  225  m.p.h.  Your  gun  position  is  equipped  with  an  N-4 
optical  sight  which  has  a  70  mil  reticle,  which  can  be  seen  drawn  on  each 

Slanc  pictured  below.  You  are  to  indicate  tho  proper  deflection  in  order  to 
it  the  attacking  plane  by  marking  tho  correct  letter  on  your  answer  sheet. 
Shooting  from  the  top  turret  position  in  figure  12.2  you  would  atm  at  point 
lettered  A,  B,  <3,  D,  E.  ,  ■ 

Illustrative  Item  3. — Weapons. 

There  is  a  strong  click  and  no  dent  in  the  primer  (of  the  cal.  .50  machine 
gun).  The  probable  cause  is  a 

3-A.  broken  or  weak  firing-pin  spring  - 

•  3-B.  broken  sear  notch 

3-C.  broken  firing-pin  striker  ' 

3-D.  slightly  worn  firing-pin  striker  ■  >  :  ’  •  : 

■  3-E.  slightly  bent  up  trigger  bar."  '  :  ,  • 

Illustrative  .Item  4. — B-29  turrets.  * 

If  the  actual  wing  span  of  an  attacking  plane  is  smaller  than 

the  dial  setting  seen  in  the  optic  head,  '  ■  •  ! .  ' 

4-A.  let  the  fighter's  wing  tips  overlap  the  reticle  circle  a  little.  . 

4-B.  keep  the  reticle  circle  a  little  beyond  the  fighter’s  wing  tips. 

4-C.  frame  correctly,  but  place  the  center  dot  above  the  fuselage  of  the 
fighter.  '  ‘  ,  . 

4I-D.  frame  correctly,  but  place  the  center  dot  halfway  between  the  fuse¬ 
lage  of  the  fighter  arid  the  tip  of  the  wing  toward  your  bomber’s 
nose.  *  '  '  « 

4-E.  frame  correctly,  but  place  the  center  dot  halfway  between  the 
fuselage  of  the  fighter  and  the  tip  of  the  wing  toward  your 
bomber’s- nose.  •  . 

The  second  main  area  included  measures  of  general  intelligence 
and  mechanical  tiptude.  Construction  of  this  section  consisted 
principally  of  selecting  suitable  items,  from  other  tests,  particu¬ 
larly  the  Gunnery  Officers  Selection  Test  (see  chapter  13),  and  by 
writing  new  items  considered  appropriate  to  instructors.  These 
items  were  assembld  into  subtests,  administered  to  a  group  of 
students,  and  the  test  was  shortened  by  means  of  an  internal  con¬ 
sistency  item  analysis.  Five  subtests  were  included  in  this  part 
of  the  battery.  Examples  from  each  of  these  are  given  below. 
Illustrative  Item  5. — Vocabulary.  * 

An  enclosed  shelter  for  personnel  or  for  a  power  plant- in  aircraft  is  a  (an) 
6- -A.  housing. 

5-B,  canopy.  *  .  ’  > 

5-C.  nacelle.  '  ' 

6-D.  enclosure. 

5-E.  cowling.  .  '  * 


Illustrative  Item  6.— Mechanical  Aptitude. 

The  initial  Telocity  of  a  bullet  fired  from  a  tail  gun  at  a  small  angle  from 
the  line  of  flight  will  be  slightly 

&-A.  less  than  the  sum  of  the  piano’s  velocity  plus  the  muzzle  velocity, 

6-B.  less  than  the  muzzle  velocity. 

G-C.  less  than  the  muzzle  velocity  minus  the  plane’s  velocity. 

&-D.  more  than  the  muzzle  velocity,  minus  tnc  plane's  velocity. 

6- E.  more  than  the  sum  of  the  plane’s  velocity  plus  the  muzzle  velocity. 

Illustrative  Item  7. — Mathematics. 

A  sniper  stands  in  a  room  8  feet  back  of  a  wall  that  contains  a  window  4 
feet  wide.  On  a  road  100  feet  from  the  house  and  parallel  to  it,  an  infantry 
column  is  marching  past.  The  length  of  the  column  that  the  sniper  can  see  is 

7- A.  60  feet. 

7-B.  64  feet.  * 

7-C.  100  feet 

7-D.  108  feet 

7- E.  200  feet 

Illustrative  Item  8. — Reading  Comprehension. 

Any  mechanical  system  tends  to  come  into  the  position  in  which  its  po¬ 
tential  energy  is  a  minimum.  Thus,  bodies  free  to  move  fall  to  the  ground: 
and  the  surface  of  a  liquid  is  horizontal  because  it  cannot  be  tilted  without 
raising  the  center  of  gravity  of  the  liquid  and  so  increasng  the  potential 
energy.  When  a  molecule  moves  from  the  interior  to  the  surface  of  a  liquid, 
work  must  be  done  on  it.  A  surface  molecule,  therefore,  has  greater  poten¬ 
tial  energy  than  an  interior  molecule.  Consequently,  the  substance  tends 
to  get  into  the  state  in  which  it  has  the  smallest  surface. 

It  frequently  happens  that  this -tendency  is  overcome  by  other  influences. 
Thus,  if  water  is  spilt  on  the  ground,  it  does  not  collect  into  a  sphere  but 
spreads  out.  In  this  case  the  tendency  towards  minimum  gravitational 
potential  (I.-wering  of  the  center  of  gravity)  overcomes  that  towards  mini¬ 
mum  surface  energy,  and  the  liquid  takes  the  form  in  which  the  total  poten¬ 
tial  energy  is  least.  If  the  amount  of  water  is  very  small,  however,  so  that 
very  little  loss  of  gravitational  energy  is  achieved  by  spreading,  surface  ten¬ 
sion  becomes  dominant,  and  the  liquid  collects  into  a  sphere.  It  may  be 
calculated  that  water  drops  less  than  two  or  three  millimeters  in  radius  will 
remain  spherical  and  will  not  spread. 

The  surface  of  a  liquid  is  level  because  any  degree  of  tilt  would  result  in 

8- A.  increased  gravitational  potential. 

8-B.  increased  surface  area.  " 

8~C.  decreased  surface  tension.  H 

'8-D.  increased  surface  tension. 

8- E.  increased  number  of  surface  molecule*  . 

•  » 

Illustrative  Item  9. — Surface  Development 

In  figure  12.3,  edge  2  corresponds  to 

9—  A.  L 

9-B.  m.  ‘  .  » 

9— C«  s.  ... 

9-D.  t. 

9-E.  K. 

The  third  main  section  of  the  battery  included  items  on 
teaching  aptitude  and  personal  adjustment  These  two  areas 
were  at  first  divided  into  two  subtests,  but  in  the  final  form,  items 
aimed  at  both  areas  were  grouped  together  into  one  subtest  called 
Teaching  Aptitude.”  Items  were  chosen  from  various  tests  in 
use  in  the  aviation  cadet  classification  and  selection  program,  from 
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the  Personal  Inventory,  DE201C,  and  from  the  Opinion  Poll. 
Many  new  items  wer*  constructed.  Several  hundred  items  of 
all  sorts  were  tried  against  the  criterion  of  ratings  on  the  Gun¬ 
nery  Instructors  Rating  Scale  as  administered  in  the  various 
teaching  situations.^  This  test  went  through  several  revisions. 

The  first  attempt  made  in  this  direction  was  the  development  of 
the  Instructors  Preference  Test,  which  consisted  of  118  person¬ 
ality  items  designed  to  measure  some  of  the  general  aspects  of 
personality  which  were  considered  to  be  important  in  determining 
success  in  teaching.  Forty  items  of  the  test  were  designed  to 
measure  the  general  affective  nature  of  the  individual.  Thirty- 
five  items  were  designed  to  measure  certain  aspects  of  the  individ¬ 
ual's  early  training  and  family  background.  The  remaining  43 
items  were  concerned  with  the  individual’s  occupational  and  so¬ 
cial  participation.  This  test  was  administered  to  class  44-27  in 
the  Instructors  School,  consisting  of  126  students,  and  an  item 
validation  with  high-low  groups  in  Practice  Teaching,  as  meas¬ 
ured  by  the  rating  scale,  "was  performed.  This  analysis  resulted 
in  17  satisfactory  items. 

An  additional  43  items’  were  added  to  the  17  obtained-  in  the 
original  investigation  in  an  effort  to  build  up  a  pool  of  items  to 
increase  the  reliability  of  this  part  of  the  battery.  The  new  group 
of  items  was  obtained  from  several  sources,  the  chief  of  which 
was  the  Opinion  Poll.  The  60  item  test  was  administered  to 
Instructors  School  class  44-29,  consisting  of  140  students.  A 
correlation  coefficient  of  0.11  was  obtained  between  scores  and 
ratings  in  Practice  Teaching.  About  the  time  of  this  study 
(August  1944)  rating's  on  a  course  in  Student  Teaching  were  in¬ 
troduced  as  an  additional  criterion  of  teaching  ability  in  the  In¬ 
structors  School.  Therefore,  in  the  subsequent  item  validation  of 
the  60-item  test,  Student  Teaching  ratings  as  well  as  Practice 
Teaching  ratings  were  used  as  criteria.  Using  these  2  criteria, 
40  valid  items  were  found;  31  for  Practice  Teaching  ratings  and 
9  for  Student  Teaching  ratings.  The  Practice  Teaching  and  Stu¬ 
dent  Teaching  ratings  were  combined  as  criteria  against  which 
to  validate  the  40  items  thus  obtained,14.. 

It  can  be  seen  from  the  above  that  the  teaching  aptitude  test 


14  To  be  high  In  the  combined  criterion,  the  candidate  bad  to  be  high  In  Cractlce  'reach- 
ins  (rating  of  7,  8,  or  0)  and  not  low  In  Student  Teaching  (rating  of  1  or  i.>,  or  high  In 
Student  Teaching  (rating  of  4  or  5)  and  not  low  In  Practice  Teaching  (rating  *,r  1,  2,  or 
3)  ;  to  be  low  In  the  combined  criterion,  tho  candidate  had  to  bo  low  In  PracUce  .\-acbInr 
(rating  of  1,  2,  or  3)  and  not  high  In  Student  Teaching  (ratings  of  4  or  5),  or  In- 
Student  Teaching  and  not  high  In  Practice  Teaching,  Subjects  not  meeting  cither  of  U.-;s 
requirements  were  put  In  tho  middle  category  of  the  combined  criterion.  On  the  com¬ 
bined  criteria  the  following  number  of  cases  In  each  of  tho  three  groups  from  class  44-29 
were  obtained ;  high  In  combined  criterion,  34 ;  medium  In  combined  criterion,  61 ;  low  In 
combined  criterion,  29. 
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which  was  finally  used  in  the  battery  was  the  outcome  of  several 
attempts  to  obtain  valid  items  in  a  relatively  unstable  situation. 
It  was  never  possible  to  use  larger  samples  of  classes  for  item 
validation  studies  for  the  prediction  of  teaching  ability,  since  the 
methods  of  assessing  that  ability  in  the  school  varied  considerably, 
and  also  because  the  demand  for  an  instructor  selection  battery 
was  immediate.  ■  ■  :  .  •  , 

Illustrative  items  for  the  Teaching  Aptitude  subtest. _ Several 

items  nsed  in  the  subtest  on  Teaching  Aptitude  are  presented 
below,  with  directions  for  the  test  .. 

Directions.— In  this  part  you  will  give  information  about  your  past  expe¬ 
rience,  your  preferences,  and  your  interests.  In  each  question  you' will 
choose  between  two  answers  which  will  be  designated  by  A  and  E.  You 
must  choose  the  one  which  fits  you  better  than  the  other.  Blacken  the  ap¬ 
propriate  space,  A  or  E,  on  your  answer  sheet,  to  indicate  the  alternative 
which  more  nearly  fits  your  own  case.  There  are  no  right  or  wrong  answers. 
Though  you  may  feel  that  a  particular  item  does  not  apply  to  you,  choose 
the  one  response  that  fits  you  better  than  the  other.  Do  not  omit  any  item. 

Illustrative  Item  10.  *  ■’  *  ’  < 

i  <  •  .  \  .  i  . 

i  •  .  . 

r  I  honestly  think  that  in  assigning  me  as  a  gunnery  instructor  the  Army 
is  making  good  use  of  my  abilities.  . 

10- A.  Agree.  10-E.  Disagree. 

Illustrative  Item  11.’  ’ 

I  enjoy  talking  before  a  small  .group. 

11- A.  Agree.  11-E.  Disagree.  .  / 

Illustrative  Item  12,  • 


12- A.  Being  bossed  around  an- 

.  noys  ine. 

Illustrative  Item  13. 

i  .  ’  ■  * 

13- A.  In  .school  I  liked  to  be  by 

.  myself.  . 

Illustrative  Item  14. /_ 

14- A.  A  thorough  and  logical  pres¬ 

entation  of  the  subject 
matter,  even  if  somewhat 
dry,  is  the  more  effective 
teaching  method,  y  . 


12-E.  Most  people  need  firm  su¬ 
pervision.  -  ,  . 

.  i  ’  ‘  ' 


13-E.  In  school  I  preferred  to  be 
with  a  gang.  .  , 


14-E.  An  interesting  presentation 
of  the  subject  matter,  al¬ 
though  somewhat  incom¬ 
plete,  is  the  more  effec¬ 
tive  teaching  method.  . 


Total  test:  format,  distribution  constants,  and  reliabilities.— ~ 
The  Instructors  Qualifying  Examination  (form  E)  as  finally  used 
consisted  of  two  booklets.  A  third  booklet,  on  mechanical  com¬ 
prehension,  was  added  for  use  at  AAF  Personnel  Distribution 
Command  stations,  but  little  data  obtained  from  its  administra¬ 
tion  are  available.  Table  12.9  shows  the  format  of  the  examina-  t. 
tion,  with  the  number  of  items  in  each  part.  Although  time  limits  ' 
were  suggested  for  each  subtest,  the  examination  was  not  con-  * 
sidered  a  speed  test.  Students  were  allowed  to  complete  the 
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examination  rcgnrdlc#*  of  time.  The  achievement  booWet  typj. 
Cftily  consumed  an  hour,  the  aptitude  booklet,  an  hour  and  a  half. 
Tables  12.10  and  12.11  show  the  reliabilities  and  distribution 
Constanta  of  booklet  1  and  booklet  II,  respectively.  It  will  be 
noted  that  data  on  certain  gun  positions  and  turrets  are  missing 
from  these  tables.  The  A-2G  and  B-29  turrets  were  new  at  the 
time  of  test  construction.  Items  covering  knowledge  of  these 
turrets  were  added  to  meet  a  demand  created  by  the  return  of 
some  of  these  gunners  from  the  overseas  theaters  and  by  a  need  in 
the  training  program.  At  the  time  of  the  study  of  reliability,  it 
was  impossible  to  obtain  scores  from  a  sufficient  number  of  stu- 
dents  of  these  turrets  to  compute  reliabilities. 

Table  12.0. — Format  of  CSFG  Qualifying  Examination 


Booklet  end  code 


Part  No.  and  nama 


Booklet  I  (DS  304E)_.„ 


1.  Vocabulary _ 

II.  Mechanical  principle! — 

III.  Mathematic* _ 

IV.  Reading  comprehension.. 

V . .  Surface  development - 

Vf-  Inventory - 


Number  of  Item* 


20 

12 

18 

10 

15 

4t 


Booklet  II  (D3  461E). 


Booklet  III  (DS201A). 


I.  Aircraft  recognition - 

II.  Sighting — - - 

III.  Weapon* - 

IV.  Turret,1 - 


Mechanical  comprehension - 

Total. 


15 

25 

30 

20 


115 


90 

40 

245 


1  Turret!  Included:  Martin,  Consolidated,  Sperry  Ball,  Sperry  Upper,  Bendlx  Upper, 
A-26,  Bendlx  Chin,  Emerson  Nose,  M-6A  and  M-7  Gun  Mounts,  and  B-29  Turreta. 

The  Validity  of  the  Instructors  Qualifying  Examination. — The 
determination  of  the  validity  of  the  Instructors  Qualifying  Exam¬ 
ination  was  complicated  by  the  nature  of  the  criteria  against . 
which  the  test  had  to  be  validated.  As  has  been  previously 
stated,  the  test  was  constructed  to  predict  two  specific  criteria  of 
success  in  the  Instructors  School,  gunnery  knowledge  and  teach¬ 
ing  aptitude.  Gunnery  knowledge  was  measured  by  the  In¬ 
structors  School  Final  Comprehensive  Examination.  The  relia¬ 
bility  of  this  examination  was  known,  and  its  use  as  a  basia  of 
elimination  in  the  Instructors  School  was  constant  during  the 
period  of  test  construction.  The  limitations  of  the  teaching  apti¬ 
tude  criterion  have  been  discussed.  All  validity  coefficients  are 
product-moment  correlation  coefficients. 

Booklet  I  (aptitude)  and  Booklet  II  (achievement)  were  de¬ 
veloped  to  be  used  separately;  separate  stanines  were  determined 
for  each  booklet  (see  jable  12.12) . 

Since  the  Instructors  School  was  training  instructors  for  both 
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'SxniX  12.10, — Reliability  coefficients  and  distribution  constants,  Instructors 
Qualifying  Booklet  /  (aptitude)  by  parts  and  by  total  scores  (N =*  BOO,  5 
(•DC  Redistributing  Stations,  January  1945)  * 


>  Tapers  from  Miami  Beach,  Atlantic  City,  Santa  Monica,  and  Santa  Ana. 

*  Kuder-IUcLardson  Formula  No.  21.  ■ 

r  Kuder-Rlcbardson  Formula  No.  20. 

*Tbls  correlation  based  on  310  cases  from  Santa  Ana,  Atlantic  City,  and  Miami  beach 
Redistribution  Station®. 


locally  controlled  turret  schools  and  for  remotely  controlled  turret 
schools,  and  since  separate  final  comprehensive  examinations  were 
used  to  determine  the  graduation  or  elimination  of  the  two  groups 
of  students,  it  was  considered  desirable  to  determine  whether  a 
reliable  difference  in  validity  cofficients  occurred  for  the  two 
groups.  The  f  s  of  the  differences  between.,  the  validity-coeffi¬ 
cients  found  with  the  parts  of  the  Instructors  Qualifying  Exam¬ 
ination  for  the  two  groups  are  presented  in  table  12.13.  This 
result  was  interpreted  to  indicate  that  the  two  groups  might  well 
be  combined  in  further  statistical  analysis.  ‘ 

Table  12.14  shows  the  validity  coefficients  found  with  each  of 
the  criteria  by  booklets.  The  correlations  shown  in  thi3  table 
were  computed  using  raw  scores  on  the  Instructors  Qualifying 
Examination  and  scores  obtained  in  the  Instructors  School  on 


Table  12.11. — Reliability  coefficients  and  distribution  constants,  Instructors 
Qualifying  Examination  Booklet  II  (achievement)  by  parts1  and  by  total* 
scores  (S  PDC  Redistribution  Stations,  January-MarcK  1945) 


Part 

No.  of 
Hems 

■N  * 

M 

SD 

ri 

I.  Aircraft: 

ttrcftgpmnn. 

15 

2329 

7.80 

2.66 

■  0.30 

II.  Sighting  _  _  _ 

25 

2329 

8.90 

3.44 

j>i 

IITr  . 

30 

2329 

13.36 

4.45 

.65 

IV.  Turrets: 

Marti**  -  ---  '■  ■■ 

20 

812 

7.95 

2.95 

Ai 

Sparry  npppp-r  • 

20 

394 

7.98 

3.33 

.30 

20 

643 

■9.61 

3.43 

•  .31 

20 

165 

6.92 

.  2.85 

.47 

20 

401 

9.39 

3.29 

.67 

Total  (Parts  I-IV) : 

Martin -  -  - 

90 

90 

812 

394 

27,11 

39.37 

9.70 

10.25 

.7* 

J5G 

90 

643 

40.34 

10.36 

90 

108 

33.93 

9.93 

,79 

90 

267 

39.70 

9.96 

.7* 

1  All  papers  used  regardless  of  turret  ansr/ered. 

*  Papers  sorted  by  turret  answered.  ...... 

*  Papers  from  Miami  Beach,  Santa  Monies,  and  Atlantic  City. 
‘Kuder-Rlcbardson  Formula  No.  21. 


each  of  the  criteria.  All  scores  on  the  criteria  were  converted 
scores  based  on  a  nine  point  scale  using  stanine  percentages  with 
the  exception  of  Student  Teaching  which  was  evaluated  using  a 
five  point  scale.  The  correlation  coefficients  were  corrected  for 
restriction  in  range  of  the  selection  test18 . 


Table  12.12. — Separate  stanine  distributions  for  Booklet  I  ar.d  Booklet  IL 
CSFG  Qualifying  Examination  (November  194+) 


Stanine 

Percent 
of  Popu¬ 
lation 

Booklet  I- 

-Raw  score 

Booklet  II —  ‘ 
Raw  score 

Total  tert  *-1 
Raw  score 

.  • 

Part  I-V 1 

Part  VI  • 

Total* 

9 

4 

.*58 

•29 

*71 

*157 

7 

52-57 

27-28 

66-70 

142-168 

7 

12 

47-51 

25-28 

61-65 

129-141 

s 

17. 

42-43- 

23-24 

66-60 

92-108 

5 _ 

20 

37-41 

21-22 

50-55 

104-115 

4.. 

17 

32-36 

19-20 

44-49 

116-128 

12 

26-SI 

16-18 

38-43 

81-91 

9 

7 

21-25 

12-15 

.  .  29-37 

70^80 

l 

4 

•20 

«11 

•28 

•69 

i Means  38.22;  SD=  9.73;  N=  1266..  ■  • 

»Mcan=  20.83;  SD=  4.82;  N=  1268.  '  .  . 

*  Means  51.69 ;  SD:= -Ii.67 :  N—  703.-  -  <  >. 

*  Includes  McchasU'bl  Comprehension  Test  (D8201A). 

*  And  above;  *<;•*  f  *.  ‘  . 

•And  below.  ,  ... 

.  •  ^  *  ,T  *  ■ 

The  Instructors  Qualifying  Examination  correlated  fairly  sat¬ 
isfactorily  with  the  Final  Comprehensive  Examination,  but  rather 
poorly  with  the  criteria  of  teaching  ability.  The  correlation  co¬ 
efficients  of  Booklet  I  with  the  criteria  of  teaching  ability  are  all 
of  such  magnitude  that  coefficients  of  the  size  obtained  v/ould  be 
expected  to  occur  less  than  1  time  in  100  by  chance.  There  was, 
however,  considerable  variability  in  the  validity  of  Booklet  I 
(aptitude)  particularly  with  respect  to  the  criterion  of  teaching 
ability,  ratings  in  Practice  Teaching.  Table  12.15  shows  how 
validity  coefficients  for  Booklet  I  varied  from  class  to  class. 
Subtest  VI,  Teaching  Aptitude,  varied  markedly  in  validity 
against  the  Practice  Teaching  criterion.  Table  12.16  shows  the 
intercorrelations  of  Booklet  I  subtests  based  on  the  scores  of  323 
Instructors  School  students.  .  ' 

The  Infltructcrs  Qualifying  Examination  in  Practice  t 

Use  in  Personnel  Distribution  Command  Stations. — Beginning 
late  in  November  1944,  all  gunners  passing  through  the  AAF 


uTbc  correction  applied  used  the  standard  deviation  of  the  total  score  on  the  Instructor* 
Qualifying  Examination  computed  from  tho  starlne  conversion  table  In  use  by  the  Person¬ 
nel  Distribution  Command  as  an  cstlmato  of  the  dispersion  In  an  unrestricted  sample. 
This  value  was  26.2C0 ;  the  corresponding  val  10  for  the  restricted  range  bolng  17.221. 
Tho  formula  for  correcting  coefficients  between  two  variables  In  a  populaUoc  restricted 
with  respect  to  a  third  variable  Is  given  In  repeit  No.  3  of  this  series. 
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personnel  Distribution  Command  were  given  the  Instructors 
Qualifying  Examination  battery.  .  .  » 


Table  12.13. — t's  ofthedifferences  between  the  validity  coefficient*  of  CSFO 
Qualifying  Examination  part  scores  with  the  total  score  on  the  Instructor 
School  Final  Comprehensive  Examination  for  the  locally  controlled  anl~rs? 
motely  controlled  turret  students  (N^  675,  Laredo,  July  1945) 


Part  •  1 

r 

Local 
control 
(N=  491) 

r 

Remote 
control 
(N=  184) 

t 

<Z  score) 

dirr.  t 

Probability 
(percent)  * 

Mechan'lcaT  VrlnclpIesTT - 

Mathematics — . — - - 

Rending  comprehension - 

Surface  development - 

Teaching  aptitude - 

Aircraft  recognition - 

Sighting - - - 

Weapons - 

Turret* - 

0.203 

.388 

.405 

.SIS 

.207 

-.102 

.110 

.342 

.448 

.295 

0.335 

.321 

.342 

.232 

.134 

—.054 

.143 

.361 

.399 

.184 

0.135  1.53 

.079  .91 

.073  .88 

.098  1.13 

.041  .47 

.045  .52 

.026  .30 

.023  At 

.080  .69 

.108  1.23 

is  ■ 

8* 

38 

28 

64 

«0 

77 

■  r  7» 

49 

21 

»The  number*  Indicate  the  number  of  time:,  in  100  that  the  differences  found  could  be 
expected  to  occur  by  chance.  ,  . 

Table  12.14. — Validity  of  CSFG  Qualifying  Examination,  by  booklets,  against 
each  criterion  of  success  in  the  Instructors  School  (Classes  215,  225,  235; 
800,  February  1946) .  .  ,>i*  .  . 


\ 

Criterion 

Booklet1 

Booklet  II  »* 

Criterion 

0.57 

•  X  '  i* 

0.3* 

.24 

.12 

.19 

.0* 

1  Product-moment  correlation  coefficient*. 


Stanine  conversion  tables  based  on  an  unselected  population 
were  furnished  to  the  redistribution  stations.  Investigations  of 
the  relationships  among  the  criteria  (see  table  12.17  for  a  state- 

Tablb  12.16. — Validity  coefficients  of  parts  of  the  Instructors  Qualifying  Ex¬ 
amination,  Booklet  I  (Aptitude),  with  the  Final  Comprehensive  Examina¬ 
tion  and  with  practice  teaching  ratings  using  three  Instructors  School 
classes  (August  1944)  *  ■ 


Bubti.  . 

Validity  coefficients  by  class  .  • 

Final  comprehensive 

Practice  teaching 

44-20 

N=120 

44-31 

N=102 

44-32 

N=101 

S  Classes 
N=323 

44-29 

N=120 

44-31 

N=102 

44-32 
N— 101 

3  Classes 

N=323 

I.  Vocabulary - 

11.  Mechanical 

principles.—. 
HI.  Mathematics — 
IV.  Reading  com¬ 
prehension — 
V.  Surface  de¬ 
velopment— 
VI.  Teaching  ap¬ 
titude — 

0.12 

.42 

.14 

.22 

.29 

-.03 

H 

0.40 

.52* 

.34 

.48 

.81 

.03 

0.31 

.45 

.28 

.40 

.81 

-.01 

-0.05 

.07 

-.03 

.05 

-.06 

.38 

-0.04 

-.05 

-.02 

.00 

-.13 

.18 

-0.04 

-.12 

-.01 

-.07 

-.02 

.88 

-0.05 

-.08 

-.01 

.  .00 

-.08 

HO 

!  Table  12.16. — Intercorrelations  of  part  scores  of  the  Instructors  Qualifying 

i  Examination,  Booklet  I  (Aptitude),  using  three  Instructor*  School  clasut 

{  323,  August  2944) 


Part 

I 

II 

m 

IV 

V 

VI 

I.  Vocabulary . . . 

II.  Mechanical  principles  - 

III*  i  „„  ...  -  -  - 

0.48 

.28 

.49 

.17 

-.05 

0.43 

.Ya‘ 

.43 

.28 

-.19 

0.28 

.46 

0.49 

.49 

.35 

.34 

-.18 

0.18 

.28 

.36 

.34 

rd.r 

.  -0.05 
-.!» 
_ i. 

IV.  Reading _ 

V.  Surface  derelopment _ 

VI.  Teaching  aptitude - 

.35 

.36 

-.11 

-.18 

raent  of  these  relationships)  indicated  that  the  criteria  showed 
rather  low  intercorrelations.  It  was  recommended  that  separate 
stanine  cut-off  scores  on  the  two  booklets  be  used  to  select 
instructors.  Separate  cut-off  scores  were  used  in  the  reclassifi¬ 
cation  of  instructors,  described  later  on  in  this  chapter,  and 
separate  stanine  cut-off  scores  were  recommended  for  use  in  the 
Personnel  Distribution  Command ;  however,  the  use  of  the  recom¬ 
mended  procedure  in  the  Personnel  Distribution  Command  sta¬ 
tions  was  not  feasible.1 11*  ;  . 

Table  12.12  shows  the  stanine  conversion  tables  used  by  the 
Personnel  Distribution  Command;  It  will  be  noted  that  these 
stanines  are  based  on  the  total  score  using  both  booklets  of  the 
Instructors  Qualifying  Examination,  and  the  score  on  the  Me¬ 
chanical  Comprehension  Examination  (DS201A) .  All  men  v/ith 
stanine  scores  of  five  or  better  on  the  entire  battery  were  sent  to 
the  Instructors  School  for  the  regular  course  of  instruction.” 

The  Mechanical  Comprehension  Examination  (DS201A),  devel¬ 
oped  at  Santa  Ana,  was  added  to  the  Instructors  Qualifying  Exam¬ 
ination  battery  for  the  following  reasons;  (a)  the  early  valida¬ 
tion  studies  of  the  battery  showed  that  the  Mechanical  Principles 
subtest  had  one  of  the  most  satisfactory  validity  coefficients  with 
the  Final  Comprehensive  Examination  (see  stable  12.15) ;  (b) 
this  subtest  also  showed  relatively  low  correlation  coefficients 
with  the  other  tests  in  the  battery  (see  table  12.16).  It  was  . 
therefore  decided,  in  a  conference  including  personnel  of  the 
Surgeon’s  Section  of  the  AAF  Personnel  Distribution  Command 
and  members  of  the  Research  Division,  that  the  Mechanical  Com¬ 
prehension  Examination  (DS201A)  be  added  to  the  battery. 

The  reliability  coefficients  and  intercorrelations  of  the  Mechani¬ 
cal  Comprehension  Examination  with  subtests  of  the  Instructors 
Qualifying  Examination  and  with  the  criteria  are'  presented  in 


l*See  table  12.12  (or  the  table  of  rccommcadcd  stanine*. 

11  See  report  No.  14  of  this  aeries  (or  additional  details  regarding  the  method  of  admint* 
stratlon,  the  number  tested,  and  a  description  ot  the  processing. 
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table  12.17.  This  table  shows,  in  addition,  the  validity  of  tha  * 
entire  battery  as  used  by  the  Personnel  Distribution  Command. 
Note  that  with  tl  is  population,  validity  coefficients,  using  single 
scores  on  the  entire  Instructors  Qualifying  Examination  battery, 
are  0.62  with  the  Instructors  School  Final  Comprehensive,  0,13 
with  Practice  Teaching,  and  0.21  with  Student  Teaching.1* 

Use  in  research . — The  Instructors  Qualifying  Examination  was 
used  in  a  research  study  to  assess  the  efficiency  of  the  placement 
program  in  the  AAF  Training  Command  basic  gunnery  schools 
with  respect  to  instructors.  The  examination  battery  was  admin¬ 
istered  to  instructors  at  five  of  the  seven  basic  gunnery  schools. 
Two  separate  scores  were  derived  from  Booklet  I  (aptitude). 

A  score  was  determined  for  each  instructor,  based  on  his  per¬ 
formance  on  parts  I  through  V,  and  another  score  in  part  VI. 
For  Booklet  II  (achievement) ,  answer  sheets  were  scored  on  the 
basis  of  total  scores  as  well  as  of  each  of  the  four  part  scores 
(Aircraft  Recognition,  Sighting,  Weapons,  and  Turrets) .  Tables 
12.18  and  12.19  show  the  results  of  an  analysis  of  variance  of 
these  data.  ,  ■ 

The  Instructors  Qualifying  Examination  was  administered  to 
unselected  graduates  of  basic  gunnery  schools  for  the  purpose 
of  obtaining  data  which  might  provide  a  basis  for  estimating  the 
relative  efficacy  of  basic  gunnery  schools  and  the  assignment  of 
gunners  to  various  turret  positions.  Test  scores  were  treated  in 
the  same  manner  as  those  obtained  from  instructors,  and  an  analy¬ 
sis  of  variance  computed.  Tables  12.20  and  12.21  show  the  re¬ 
sults  of  this  analysis.19  *  .  »  •  ’ '  / 

These  studies  indicated  that  there  was  no  noticeable  difference, 
on  the  basis  of  performance  on  the  Instructors  Qualifying  Exam¬ 
ination,  between  instructors  who  had  attended  the  Instructors1 
School  and  those  who  had  not.  Between  schools,  however,  there 
was  noticeable  variation  of  test  scores,  both, for  instructors  and 
students.  For  instructors,  the  found  differences  between  depart¬ 
ments  was  so  great  as  to  be  expected  to  arise  by  chance  less  than  1 
time  in  100.  There  was  also  a  similar  difference  between  student 
scores  compared  on  the  basis  of  turret  studied.  These  facts 
indicated  that  some  selective  factors  were  operating  to  send 
more  qualified  instructros  to  particular  schools.  This  also  ap¬ 
plied  to  students.  Within  a  particular  school  a  similar  situation 
existed  in  the  assignment  of  instructors  to  departments  and  stu¬ 
dents  to  turrets. 

Factor  analysis  of  the  Instructors  Qualifying  Examination. — 


11  This  study  was  dono  by  Capt.  Lawrcnco  M.  Stolurow  and  c  ,i.  Paul  Freeman.  • 

This  study  was  done  by  Capt.  Lawrcnco  M.  Stolurow,  Capt.  Kenneth  B.  Henderson,, and 
Sgt.  Ernest  E.  Ketchersld. 
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Table  12.17. — Validity  coefficients,  inter  correlations,  and  coefficients  of  reliability  of  the  CSFG  Qualifying  Examination  Battery  an& 
_  . _ three  criteria  including  part  and  total  scores  (N—  675,  July  ISIS) _ _ 


l 


merasBSBmmS 


In  an  attempt  to  isolate  factors  which  might  be  indicative,  of 
success  as  an  instructor  in  the  flexible  gunnery  program  and  as 
a  preliminary  step  in  the  revision  of  the  Instructors  Qualifying 
Examination,  a  factor  analysis  was  computed,  using  as  its  matrix 
the  correlation  coefficients  shown  in  table  12.17.  Table  12.22 
shows  the  results  of  this  study.  Interpretations  of  these  results 
may  be  summarized  as  follows: 

1.  The  validity  coefficients  obtained  for  every  test  were  gen¬ 
erally  in  good  agreement  with  the  predicted  coefficients  based 
on  the  factor  loadings. 

2.  The  part  tests  of  the  examination  accounted  for  some  of  the 

factors  isolated, -but  large,  unknown  factors  remained  undeter¬ 
mined.  > 

3.  There  were  further  factors  in  the  criteria  which  were  not 
common  to  the  examination  battery  and  hence  not  predicted  by  it. 

TABLE  12.18. — F~ratios  between  the  scores  of  instructors  at  five  basic  gunnery 
schools  compared  by  schools,  by  departments  of  instruction,  and  attendance 
at  CIS,  using  aptitude  scores  on  the  Instructors  Qualifying  Examination; 
separate  F-ratios  are  presented  for  differences  on  Pari  I-V;  and  Part  VI 
{ August-September  1945) 


'  •  Source  ef  variation 

Sum  of 
square* 

at 

Estlmata 
of  varlauce 

F-ratla 

1 

Scores  on  parts  I-V: 

60,705.270' 

63,274.826 

6,216.620 

2,414.187 

49.173 

71 

1,540 

7 

1 

41.088 

1554.157 

344.884 

49.173 

Between  flchnoit*-  „ 

*  37.82 
*  8.3# 
1.20 

Between  departments.  _ 

132,980.102 

1,763.421 

85,122.467 

341.110 

1,011 

71 

1.540 

_  . 

Scores  on  part  VI : 

’ 

t  #  " 

22.807 

85.298 

*  3.74 

533.536 
•  13.806 

7 

1 

76.219 

13.800 

»3.34 

*.61 

Between  CIS  and  non-CIS - 

'Pot*!  _ _ _ _ _  _ 

36,885.888 

1,611 

•  1  With  the  approprlnte,degreos  of  freedom,  s.  value  as  largo  as  this  would  bo  expected  leaa 


iunn  one  umo  in  jluu  ay  ccheco  mono.  _ , _ 

1  With  the  appropriate  degrees  of  freedom  a  difference  a3  large  as  this  would  oe  expeciea 
to  occur  more  than  flvo  times  lu  100  by  cfcanco  alone.  , 

Any  attempt  to  assign  labels  to  factors  is  at  best  a  speculative 
process.  Factors  three  and  four  seem  to  defy  interpretation. 
Factor  one  seems  to  be  heavily  loaded  with  the  weapons,  sighting, 
and  turret  tests,  and  fairly  high  on  mechanical  principles,  aircraft 
recognition,  and  mathematics.  This  factor  may  be  termed  a 
mechanical-gunnery  knowledge  factor.  Factor  two  seems  to  be 
high  in  vocabulary  and  reading  comprehension,  mechanical  prin¬ 
ciples,  mathematics,  and  the  Santa  Ana  mechanical  principles 
test.  This  factor  might  be  called  verbal-mechanical  comprehen¬ 
sion.20  . 

“This  study  was  done  by  Capt.  Lawrouco  M.  Stolurow  and  Sgt  Milton  <?.  Ltebermin. 
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In  order  to  maximize  the  predictive  efficiency  of  the  Instructors 
Qualifying  Examination  in  the  form  presented,  beta  weights  for 
the  eight  subtests  found  most  promising  on  the  basis  of  a  multi¬ 
ple  correlation  study  were  computed.  Table  12.23  shows  these 
beta  weights  as  recommended  for  use. 

Table  12.19. — F-ratios  between  the  scores  of  instructors  at  five  baste  gunnery 
schools  compared  by  departments,  by  schools,  and  by  turret  studied  using 
achievement  scores  on  the  Instructors  Qualifying  Examination:  Separate 
F-ratios  are  reported  for  differences  computed  on  the  scores  of  each  part 
and  the  total  (August-Septenber  19H) 


Source  of  variation 


Sum  of 

aquar** 


Estimate  p 
of  variance  F-r*“# 


Pert  I  (aircraft  recognition)  : 

Between  turret* - 

Between  department* _ 

Between  school* _ 

Between  cell* _ 

Within  cell* - 


_  287.849 

_  1,037.782 

_  972,327 

_  3,474.427 

_  13,476.651 

_  18,851.078 


63.579 

148.252 

243.082 


*6.000 
1 16.602 
1 27.220 


Part  II  (lighting) :  . 

Between  turrets _ 

Between  departments. 

Between  schools _ 

Between  cell* _ 

Within  cell* - 


477.349 ' 
2.630.855 
1.610.495 
8,493.171 
26,291.235 

34,784.406 


95.470  *  5.440 

376.836  *  21.414 

402.624  *  22.940 

17.551  - 


Part  III  (weapon*) : 

Between  turret* - 

Between  department* _ 

Between  schools _ 

Between  cell* _ 

Within  cells - 


1,039.548 

9.568.016 

2,543.906 

16,559,321 

30,697.486 

47,256.807 


207.910 

1,366.859 

635.977 

20.482 


>10.146 

>  66.702 

>  31.035 


Part  IV  (turrets) : 

Between  turrets _ 

Between  departments _ 

Between  schools _ 

Between  cells _ 


2,960.803 

3,381.553 

1,936.884 

9,266.069 


Within  cell* - » _  17,341.019 

Total—.! _  26,607.688 


740.201 

433.079 

484.221 

79.197 

11.749 


>  63,001 
*  41.117 
*  41.21 


Between  turrets -  10,831.758 

Between  departments - . -  87,312.895 

Between  schools _  17,551.027 

Between  cells -  50,708.155 

Within  cell* -  178,557.587 


Total _ 


... -  237,265.742 


2,707.940  >  22.384 

12,478.271  ‘103.107 

4,387.757  >36.270 

'120.974  vZHH 


‘Differences  found  Indicate  that  with  the  appropriate  degrees  of  freedom  they  would  be 
likely  to  occur  by  chance  less  than  1  time  In  100. 

_  Use  in  the  reclassification  of  instructors. — In  accordance  with 
a  directive  issued  by  Headquarters,  Army  Air  Forces,  a  number 
of  boards  were  established  to  examine  instructors  who  had  at¬ 
tended  the  Instructors  School  for  reclassification  to  Specification 
Serial  No.  938,  a  classification  ordinarily  given  only  to  graduates 


372 


Table  12.20. — F-ratioi  between  the  scoree  of  students  at  five  basic  gunnery 
schools  compared  by  school  attended:  Separate  F-ratio$  are  presented  /©*• 
differences  computed  on  two  scores;  parts  t  through  V;  and  VI  (August- 
September  19H) 


Source  of  variation 

Sum  o C 
squares 

d/ 

Estimate 
of  variance 

P-ratl* 

Scores  on  subtest*  I-Vs 

7.313.821 

112,408.883 

4 

1,281 

1,828.455 

89.143 

*  20.511 

Within  school*  (error) - 

Total  _ _  _ 

119,722.704 

GG5.413 

28,745.688 

1.2e5 

Score*  on  subtest  VI: 

4 

1,281 

168.353 

22.798 

Within  school*  (error) _ 

» 7.297 

29,441.099 

1,285 

)it  ..  ... 

iWlth  the  appropriate  degrees  o t  rreedom,  &  value  as  large  as  this  would  be  expected  leas 
than  one  time  In  100  by  chance  alone. 

of  the  Instructors  School.21  The  responsibilities  of  the  Research 
Division  in  this  program  were  to  set  the  standards  to  be  met  by 
the  candidates  for  reclassification,  to  develop  the  procedures  and 
instruments  to  be  used,  and  to  indoctrinate  members  of  the 
boards.21  ' 

The  standards  with  respect  to  the  examination,  set  on  the 
basis  of  minimum  scores  of  Instructors  School  graduates,  were 
a  score  of  67  on  Booklet  I  and  62  on  Booklet  II.  A  minimum 
rating  of  three  on  either  the  Gunnery  Instructors  Rating  Scale 
or  the  Phase  Check  Rating  Scale  was  required  for  instructors 
and  phase  checkers  respectively  in  order  to  corr  spond  to  grad¬ 
uation  standards.  In  addition,  all  candidates  had  to  have  a 
satisfactory  rating  based  on  the  interview  with  one  of  the  officers 
of  the  board.  In  processing,  the  standards  were  applied  at  eaeh 
phase  so  that  only  those  candidates  who  passed  the  examinations 
were  rated,  and  only  those  passing  the  rating  situation  were 
interviewed.'  This  procedure  was  used  to  maximize  the  efficiency 

with  which  the  ratings  and  interviews  were  conducted.  • 

A  2-day  program  was  established  for  the  indoctrination  of  the 
board  personnel.  The  program  included  both  lectures  and  prac¬ 
tice  sessions  in  the  use  of  the  tests,  the  interview  forms,  and  the 
rating  scales.  A  principal  emphasis  in  the  practice  periods  on 
the  rating  scales  was  placed  on  the  standardization  of  interpreta¬ 
tion  of  the  ratings  among  the  board  members,  since  all  members 
had  had  experience  in  their  use.  All  possible  combinations  of 
members  were  used  and  discussions  were  held  among  them  to 
work  out  differences  in  an  attempt  to  develop  well-matched  teams. 


dated  5  Oct.  1944  Subjt 


nTWX  AFPMP-12  2779  as  quoted  in  Ltr.,  Hq.»  AAFTRC 
Examining  Board  for  Rcclassincatlon  of.  Instructors. 

“The  personnel  responsible  for  this  project  were  Capt.  Lawrence  M.  Stolurow  and  Lt 
Gerald  R.  Pascal. 
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All  members  were  given  a  copy  of  a  “Manual  For  Instructor  Re. 
classification  Board/'  prepared  by  the  Research  Division.  This 
manual  included  a  detailed  description  of  the  test,  the  forms,  and 
the  procedures  to  be  used.  Finally,  all  board  members  cooperated 
in  testing  the  candidates  at  Laredo. 

Tadle  12.21. — F-ratios  between  the  scores  on  instructor  qualifying  examine 
tion  (achievement)  of  students  at  three  basic  gunnery  schools  computed  by 
schools  attended,  and  turrets  studied:  Separate  F-ralios  are  presented  for 
each  part  and  for  total  score  (August-Scptember  194 4)x 


Source  'Ji  variation 

Sum  of 
squares 

df 

Estimate 
ot  variance 

P-ratle 

Part  II  (sighting) : 

Between  turrets - 

Between  schools _ 

Between  cells.  _  _ _ .... _ 

836.361 

169.734 

963.885 

9.702:437 

5 

2 

10 

765 

167.272 

84.867 

12.897  «• 
6.543  •• 

Within  cells  (error) - - 

12.970 

Total _ 

10,786.322 

765 

-j-  - 

Part  III  (weapons)  : 

Between  turrets _ 

Between  schools _ 

Between  cell*  . 

.  1,599.833 
'  24.004 

1,773.170 
23.087.639 

5 

2 

10 

755 

319.967 

12.002 

31.772 

31.772 

10.071  • 
.378 

Within  cells  (error) - 

Total  _  .  - 

25,760.850 

705 

Part  IV  (turrets)  : 

Between  turrets -  _  - 

Between  schools _ : _ 

Between  cells  ...  _  .. 

3,053.078 
2.337.020 
.  3,421.474 
10,112.082 

8 

2 

7 

652 

1,017.692 

1,168.510 

65.618  •• 
75.344  •• 

Within  cells  (error)..  -  .. 

15.509 

.  _ 

Total. 

13,533.556 

659 

Total  test: 

Between  turrets _ _ 

Between  schools  '  -  - 

Between  cells  _  _  _  _ 

4,592.886 

2,703.636 

5,985.951 

81,288.743 

3 

2 

7 

651 

1.530.962 

1:351.818 

12.261  •• 
10.826  *• 

Within  cells  (error) _  _  . 

124.868 

Total  _ 

87,274.724 

658 

1  The  number  ot  times  In  100  that  an  F-Ratio  os  largo  as  each  one  obtained  would  b« 
expected-  to  arlso  by  chanco  Is  Indicated  by  the  following  system : 

No  asterisk:  More  than  5  times  In  100.  .  .... 

• :  Between  1  and  6  timet  la  100. 

••  Less  than  1  time  In  100.  '  ‘ 

The  immediate  result  of  this  undertaking  was  the  increase  in 
the  total  number  of  men  who  were  qualified  as  Flexible  Gunnery 
Instructors  with  the  Specification  Serial  Number  of  938.  More¬ 
over,  during  the  course  of  the  examinations,  data  were  obtained 
'  which  serve  as  validation  of  the  selection  procedures  which  have 
been  outlined  in  this  chapter  and  the  training  procedures  which 
will  be  discussed  in  the  following  section.  To  establish  the  va¬ 
lidity  of  the  examination  used  in  the  reclassification  proceedings, 
the  boards  gave  the  Instructors  Qualifying  Examination  to  a 
number  of  men  who  were  graduates  of  the  Instructors  School, 
along  with  men  who  had  not  been,  through  the  school.  To  equal¬ 
ize  somewhat  the  factor  of  recency  of  instruction  in  gunnery  sub¬ 
ject  matter,  the  non-graduates  (non-93S5s)  were  given  a  brief 
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Table  \2£Z.— Multiple  correlation  coefficient*  and  beta  weight*  of  the  original 
IQ  part $  of  the  Instructor*  Qualifying  Examination  Battery  and  for  3  of 
the  moat  valid  part*,  Instructor*  School  (N*=* 075 ,  July  1945)  ' 


Parts 

i 

8  part* 

crlterl** 

2 

3 

Instructor*  Qualifying  Examination  Booklet  It 
Vncrbuliry _ , _ _  -  _ ,  _ _ - 

* 

o.o  or 
.182 
.218 
.110 

0.110 

.050 

.008 

.021 

0.025 

.141 

.188 

0.18 

Reading  comprcheailGTK. 

Surface'  development _  _ _ - _ 

-.001 

.107 

”  7m 

Instructor*  Qualifying  Examination  Booklet  II : 
Alrcr*tt  RMttgnlllnn  _  _  -  _ 

Sighting  _  ..  _ 

.007 

.269 

.021 

.023 

•093 

.ni9 

Turnti—  - 

.071 

.723 

-.014 

.253 

—.080 

.324 

Multlnl*  R  ..  ... 

*  Criteria: 

1 —  Instructor*  Course,  Final  Comprehensive  Examination,  Form  0, 

2 —  Basic  Qunnerr  Teaching. 

3—  Practlve  Teaching.  I 

refresher  course,  and  only  men  who  had  been  graduates  from 

the  Instructors  School  at  least  6  months  previously  were  included 

in  the  graduate  group  (938’s).  The  results  are  summarized  in 

table  12.24.  They  show  quite  clearly  the  superiority  of  the  men 

who  had  been  selected  for  and  trained  at  the  Instructors  School, 

both  in  terms  of  percent  passing  the  examination  and  percent 

having  an  Army  General  Classification  Test  score  above  115. 

*  % 

Table  12.24. — Comparison  of  instructors  in  training  air  forces  vjho  were 
graduate *  of  the  Instructors  School  (SSN  9SS)  and  those  who  had  not 
attended  the  school:  Percent  passing  Instructors  Qualifying  Examination 
and  percent  having  Army  General  Classification  Test  scores  below  115  (four 
training  air  force  stations,  first  quarter.  1945) 


Air  Force  Station 

Number  examined 

Percent  passing 

Percent  having 
AGCT  below  115 

938'* 

! 

Non-938'a 

• 

938’s 

Nob-938’8 

938’a 

Non-938'* 

Greenville.  _  _ 

52 

87 

18 

21 

48 

82 

40 

9 

15 

50 

.  •  24 

62 

7 

4 

57 

21 

iiil 

76 

0 

10 

<7 

Total . 

170 

250 

55 

12 

15 

53 

Summary 

This  chapter  has  presented  an  account  of  instructor  selection 
in  the  flexible  gunnery  program.  It  began  by  presenting,  briefly, 
the  early  status  of  instructor  selection,  showing  the  heterogeneity 
of  the  population  of  instructors  in  terms  of  skills  and  ability. 
Thi3  early  status  pointed  to  the  need  for  an  objective  means  of 
selecting  instructors.  To  meet  this  need  the  Instructors  Qualify- 
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ing -Examination i  was  constructed.  Several  exploratory  or  incom- 
plete  attempts  at  test  construction  are  described.  The  final  test 
battery  is  presented,  giving  illustrative  items,  reliability,  and 
validity  coefficients.  The  practical  use  of  Instructors  Qualifying 
Examination  is  documented,  showing  its  use  in  instructor  selec¬ 
tion  by  the  Personnel  Distribution  Command  and  by  the  Flexible 
Gunnery  Reclassification  Boards,  and  its  use  as  a  research  instru¬ 
ment. 

The  task  of  constructing  an  aptitude  test  which  would  predict 
teaching  ability  in  the  flexible  gunnery  program  was  beset  with 
all  the  ills  attendant  upon  any  attempt  to  predict  teaching  ability. 
Many  intangibles  contributed  to  this  ability.  Some  of  those  were’ 
measured  in  the  Instructors  School  by  means  of  a  rating  scale. 
To  demonstrate  the  validity  of  the  qualifying  examination  it  was 
necessary  to  select  items  which  would  correlate  with  these  ratings; 
hut  this  was  complicated  by  the  fact  that  the  rating  scale  was 
variously  used,  sometimes  with  measurable  reliability  and  in 
other  instances  with  unknown  reliability.  Thus  the  final  selec¬ 
tion  of  items  to  measure  teaching  aptitude  was  a  compromise  be-, 
tween  the  power  of  items  to  predict  success  on  the  rating  scaled 
and  a  priori  judgments  of  factors  making  for  over-all  success  as  • 
an  instructor.  Briefly  expressed,  these  factors  were  construed  to 
be  intelligence,  gunnery  knowledge,  and  facets  of  personality  per-' 
tinent  to  instructing.  Test  items  attempted  to  cover  these  areas 
insofar  as  it  was  possible  with  a  printed  test.  Scores  on  the 
final  battery  of  the  Iratructors  Qualifying  Examination  showed  a 
better  than  chance  relationship  with  the  criteria  of  success  in  the 
Instructors  School,  and  the  examination  was  accepted  as  the  prin-" 
cipal  basis  of  instructor  selection  for  the  flexible  gunnery  program. 

THE  TRAINING  OF  INSTRUCTORS  .  : 

Contributions  to  the  training  of  instructors  were  made  in  two 
main  ways:  first,  by  services  rendered  to  the  Instructors  School 
in  order  to  increase  its  effectiveness  in  training  gunnery  instruc¬ 
tors  ;  and  second,  bv  the  preparation  of  manuals  nad  bulletins  for 
use  by  instructors  already  on  the  job  to  increase  their  effective- 
ness  in  certain  phases  of  teaching.  Among  the  specific  jobs  ac¬ 
complished  were  the  development  of  achievement  tests  for  use  in 
Instructors  School  courses ;  the  exploration  of  the  problems  in- . 
volved  in  utilizing  returned  from  combat  gunners  as  instructors ; 
the  preparation  of  manuals  on  specific  instructional  jobs;  and 
cooperation  with  other  agencies  in  the  development  of  manuals 
for  intercommunication  instruction  and  in  tue  preparation  of 
three  films  for  use  in  instructor  training.  In  addition  to  these 
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relatively  identifiable  services,  assistance  was  rendered  to  the 
Instructors  School  in  the  solution  of  various  problems  on  an 
informal  basis  in  the  course  of  day-to-day  relationships.  Al¬ 
though  individual  suggestions  usually  had  relatively  minor  con- 
sequences,  their  cumulative  effect  was  presumably  appreciable. 

The  Development  of  Achievement  Tests 

The  Research  Division  constructed  achievement  tests  for  the 
various  Instructors  School  courses,  and  the  Instructors  Final  Com¬ 
prehensive  Examination.  In  most  respects,  the  procedure  fol¬ 
lowed  in  this  work  was  similar  to  that  used  in  the  development 
and  revision  of  the  Gunnery  Final  Examination  as  described  in 
chapter  7.  Close  relationships  were  maintained  with  instructors 
and  supervisors  in  the  various  courses  in  the  preparation  of  items 
and  in  verifying  the  technical  adequacy  of  items. 

The  examination  developed  for  the  Teaching  Methoas  course 
differed  somewhat  from  conventional  achievement  tests  in  that  it 
required  the  student  to  judge' which  of  seven  teaching  methods  was 
most  appropriate  to  a  variety  of  concrete  teaching  situations ;  and 
to  judge  which  of  six  principles  considered  important  in  formulat¬ 
ing  lesson  plans  was  involved  in  each  of  a  number  of-  concrete— 
illustrations  of  teacher  activity.23  This  test  was  found  to  have 
a  reliability  of  0.63  for  153  students  in  class  44-1,  by  means  of 
Kuder-Richardson  Formula  No.  21.  For  this  class,  the  mean 
score  was  13.8  and  the  standard  deviation  5.1.  This  test  was 
used  in  the  Instructors  Court-*:1  as  a  course  examination  until  the 
end  of  the  war.  " r 

Survey 'of  Combat  Returnee  Instructors 

In  the  spring  of  1944,  a  survey  of  gunnery  schools  with  respect 
to  their  experience  in  the  use  of  returned  from  combat  gunners 
as  instructors  was  conducted.24  Reports  that  some  men  assigned 
for  duty  were  not  properly  qualified  to  serve  as  instructors,  and 
that  some  were  too  restless  to  teach  effectively  pointed  up  the 
need  for  this  study,  particularly  since  a  large  influx  of  returned 
from  combat  gunners  was  anticipated.  The  survey  included 
correspondence  with  each  of  the  gunnery  schools,  and  a  visit  to 
Harlingen,  which  had  reported  relatively  good  results  wiu>  this 
group.  The  information  obtained  emphasized  the  need  for  care¬ 
ful  screening  of  returnees  before  assignment  as  instructors,  the 
need  for  systematic  effort  on  the  part  of  supervisory  personnel 
to  seek  to  arouse  interst  in  becoming  a  good  instructor  among 
gunners  assigned  to  this  job;  and  a  definite  need  for  refresher 


**  This  test  was  doYlsed  by  Lt  Joseph  Wepmaa. 

**  This  study  was  done  by  Capt.  Wilbur  8.  Gregory. 
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training  in  basic  gunnery  and  in  teaching  methods  for  returnees 
before  they  entered  upon  instructional  duties.  Table  12.25  pro- . 
vides  evidence  regarding  the  gunnery  knowledge  as  shown  on 
Gunnery  Final  Examination  performance  by  returnees  and  by 
basic  gunnery  students.  It  was  noted  that  the  returnees  tested 
prior'  to~ref resher  training  obtained  much  lower  scores  than  did 
basic  gunnery  students  at  the  completion  of  training;  and  that 
returnees  tested  at  the  end  of  refresher  training  did  slightly  less.' 
well  than  the  basic  gunners.  A  bulletin  summarizing  those  re-' 
suits  and  offering  concrete  suggestions  for  improving  the  nioti-  . 
vatioT?.  of  returnee  instructors  and  for  reducing  the  effect  of  com¬ 
bat  fatigue  symptoms  upon  instructor  effectiveness  was  distrib¬ 
uted  to  the  gunnery  schools.  A  booklet,  Your  Next  Mission,  de¬ 
signed  to  aid  the  returnees  in  adjusting  to  duty  in  the  United 
States  and  to  arouse  as  much  interest  as  possible  in  instructing, 
was  prepared  and  distributed  to  returning  gunners.  In  addi¬ 
tion  to  these  efforts  to  improve  proficiency,  of  returnees  assigned 
as  instructors,  steps  were  taken  which  led  to  more  stringent  • 
application  of  standards  for  selecting  instructors  from  the  re¬ 
turnee  group. 


Cooperation  With  Other  Agencies  in  Developing  Instructor  Aids 

Members  of  the  Research  Division  collaborated  with  personnel 
of  the  National  Defense  Research  Committee  Voice  Communica¬ 
tion  Laboratory  in  Waco,  Tex.,  in  collating  research  findings  on 
the  use  of  aircraft  intercommunication  equipment,  in  determining 
the  implications  of  these  findings  for  gunnery,  and  in  preparing 
manuals  for  instructors  teaching  the  use  of  this  equipment.  Fa¬ 
miliarity  with  psychological  concepts  of  speech,  with  effective 
training  methods,  and  with  gunnery  instructors  facilitated  the 
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preparation  of  manuals  designed  to  increase  the  effectiveness  of 
interphone  instructors.31 

In  cooperation  with  the  AAF  First  Motion  Picture  Unit, 
Culver  City,  Calif.,  members  of  the  Research  Division  aided  in 
preparing  three  training  dims  designed  primarily  to  aid  in  in. 
structor  training.28  These  division  personnel  aided  in  the  prep, 
aratiorc  of  10  other  training  films  designed  for  use  by  instructors 
in  teaching  various  phases  of  gunnery. 

Other  Services  in  Instructor  Training 

Among  a  variety  of  specific  recommendations  made  and  jobs 
done  during  the  course  of  more  than  2  years  of  close  association 
with  the  Instructors  School,  a  few  of  the  more  important  may  well 
be  noted.  As  early  as  April  of  1943,  the  director  of  the  Psycho¬ 
logical  Research  Detachment  (Gunnery)  suggested  in  a  research 
note  the  great  desirability  of  providing  adequate  opportunities 
for  practice  teaching  in  the  training  of  instructors,  a  proposal 
which  was  adopted.  Again,  aid  was  given  to  the  Instructors 
School  in  selecting  a  well  qualified  educational  consultant  to  pre¬ 
pare  the  teaching  methods  manual  for  gunnery  instructors.27 
Research  Division  personnel  prepared  manuals  on  the  proper 
administration  of  phase  checks,  on  the  proper  use  of  student 
rating  scales,  on  the  scoring  of  gun  camera  film  and  on  the  most 
effective  means  of  administering  and  interpreting  objective  tests', 
in  an  effort  to  aid  instructors  in  these  aspects  of  their  job. 

Summary 

The  training  of  instructors  was  an  aspect  of  improving  gunnery 
which  was  dealt  with  informally  and  through  the  providing  of 
specific  services  rather  than  through  a  program  of  research.  The 
services  included  the  development  of  achievement  tests,  the  prep¬ 
aration  of  manuals,  and  aid  in  dealing  with  the  effective  utilization 
of  returned  from  combat  gunners  as  instructors. 

SUMMARY 

Proficiency  in  a  gunnery  instructor  is  ultimately  reflected  in  the 
proficiency  of  his  students.  Research  in  the  selection  of  flexible 
gunnery  instructors  took  a  more  limited  view  of  the  problem, 
since  it  attempted  to  identify  and  measure  characteristics  in  an 

“This  work  was  done  by  Lt.  Joseph  Wepman,  Lt.  Qcorge  J  Wlscbmer,  C;.l.  James  H. 
Neely,  and  Lt.  Joseph  L.  Joyner. 

**  Major  Robert  Bragarnlck  and  Capt.  Morgan  A.  Greenwood  wero  largely  rcsp-.nslble  for 
the  splendid  series  of  training  films  developed  In  the  fiexlblo  gunnery  program. 

n  Teaching  Methods  Manual  for  Flexible  Gunnory  Instructors,  Air  Forces  Manual  No,  1®. 
prepared  by  tho  Instructors  School,  Flexible  Gunnery,  Laredo,  and  tho  Department  of  Edu¬ 
cational  Research,  Ohio  State  University,  Columbus,  Ohio,  May  1044, 
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instructor  which  could  reasonably  he  assumed  to  be  significant 
qualities  of  good  teachers.  The  four  main  aspects  chosen  were 
intelligence,  gunnery  knowledge,  personal  adjustment  and  teach¬ 
ing  proficiency.  Of  these,  intelligence  and  gunnery  knowledge 
were  considered  to  be  measurable  by  existing  tests.  A  group 
judged  to  be  high  in  needed  personal  qualities,  namely  the  staff 
of  the  Instructors  School,  was  used  as  a  basis  for  validating 
tests  involving  personal  adjustment.  Teaching  proficiency  was 
measured  by  means  of  a  rating  scale,  which  proved  to  yield 
satisfactory  reliabilities  among  raters  evaluating  the  same  per¬ 
formance. 

Initial  contributions  to  the  selection  of  instructors  involved  the 
screening  of  instructors  already  assigned  to  ensure  that  sub¬ 
stantially  all  instructors  met  minimum  standards  in  AGCT  score 
and  in  gunnery  knowledge.  Instructors  were  expected  to  have 
an  AGCT  score  of  120  or  above  and  a  knowledge  of  gunnery, 
as  demonstrated  on  objective  tests,  which  placed  them  in  the 
highest  25  percent  of  gunnery  graduates.  x 

The  need  for  a  test  specifically  designed  to  aid  in  the  selection 
of  instructors  was  recognized.  The  Instructors  Qualifying  Exam¬ 
ination  was  constructed  to  provide  such  an  instrument.  This 
test  included  items  relating  to  learning  ability,  to  gunnery  knowl¬ 
edge,  to  personal  qualities,  and  to  attitudes  on  instructing.  Vali¬ 
dation  studies  of  this  test  against  success  in  the  final  comprehen¬ 
sive  examination  and  against  teaching  ratings  were  carried  out. 
The  relationship  obtained  showed  satisfactory  prediction  of  the 
objective  test  performance  and  markedly  poorer  prediction  of 
ratings  of  teaching  proficiency.  For  both  criteria,  however,  cor¬ 
relations  too  large  to  attribute  to  sampling  error  were  obtained. 

The  Instructors  Qualifying  Examination  was  used  in  surveying 
the  level  of  qualifications  of  gunnery  instructors  in  the  various 
schools  and  in  the  various  departments,  and  also  in  a  reclassifica¬ 
tion  program  in  which  proficient  instructors  were  given  the. 
Military  Occupational  Specialty  of  gunnery  instructor  without 
attending  the  Instructors  School.  A  factor  analysis  of  this  test 
was  carried  out  in  order  to  gain  a  clearer  understanding  of  its 
characteristics. 

With,  respect  to  the  training  of  instructors,  activities  of  the 
Research  Division  centered  around  constructing  achievement  tests 
for  the  Instructors  School,  preparing  various  manuals  for  use  by 
instructors,  and  providing  information  useful  in  the  solution  of 
various  problems  arising  in  the  training  of  instructors. 
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CHAPTER  THIRTEEN 

The  Selection  and  Training  of 
Gunnery  Officers 

"  .  *  I  *  *  \  *  *  4  *  f  «  •  *  .  «  " 

Lt.  William  B.  Schrader,  Lt.  Gerald  R.  Pascal,  '■ 

Capt.  John  A.  Valentine  •  •  •  . 

.  <  *  »-  . 


THE  NATURE  OF  GUNNERY  OFFICER  PROFICIENCY  • 

Introduction  ,  '  .  .  . 

Early  in  1944,  there  developed  a  strong  demand  for  officers 
qualified  to  serve  as  gunnery  specialists  in  combat  organizations. 
These  gunnery  specialists  were  needed  at  the  squadron,  the  group, , 
the  wing,  the  division,  and  the  command  levels.  Thy  were  par¬ 
ticularly  in  demand  in  the  8th  Air  Force,  though  the  need  fojr 
officers  to  supervise  gunnery  in  combat  was  generally  recognized^ 
In  the  face  of  this  need,  the  establishment  of  a  school  for  the  train¬ 
ing  of  gunnery  officers  and  the  formulation  of  standards  for  the 
selection  of  students  for  this  school  presented  problems  which  ■ 
had  to  be  dealt  with  quickly.  Attention  was  first  focussed  on  the 
nature  of  the  gunnery  officer’s  job  and  on  the  characteristics  of 
the  effective  gunnery  officer.  '  !  v  '  _  :  ; 

A  number  of  gunnery  officers  were  already  functioning  in  the 
8th  Air  Force.  These  gunnery  officers  had  not  been  selected  or 
trained  in  accordance  with  a  formal  program,  but  had  acquired 
their  duties  as  a  means  of  dealing  with  gunnery  problems  in  their, 
units.  As  a  result,  their  duties  varied  markedly  with  the  quali¬ 
fications  and  limitations  of  the  individual  officer  and  with  the 
problems  of  the  specific  unit  in  which  he  was  located.  In  order 
to  obtain  an  adequate  picture  of  the  gunnery  officer’s  job,  it  was 
necessary  to  survey  systematically  the  duties  of  a  number  of.  these 
officers  who  were  considered  to  be  doing  their  job  well.  .  . 

To  accomplish  this  systematic  survey  of  the  duties  of  the  gun¬ 
nery  officer,  it  was  decided  to  send  an  officer  to  the  8th  Air  Force, 
where  the  role  of  the  gunnery  officer  ha  .l  been  best  defined  through 
experience.  But,  as  was  so  often  the  'use  in  gunnery  training, 
action  could  not  await  a  thorough  laying  of  groundwork.  Plans 
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for  the  school  had  to  go  forward  immediately,  on  the  best  avail, 
able  judgment  of  what  the  gunnery  officers  might  be  expected  to 
do.  Therefore  an  “armchair”  job  analysis  was  drawn  up,  a  ten. 
tatlve  curriculum  was  blocked  out,  and  certain  tentative  qualiflca. 
tions  for  entrance  into  the  school  were  formulated.  Then  an 
officer  who  had  been  actively  engaged  in  this  preliminary,  deduc- 
tive  analysis  was  sent  to  the  8th  Air  Force  to  verify  and  supple, 
ment  the  analysis  and  to  obtain  materials  which  would  be  useful 
in  rounding  out  the  curriculum.  >  * 

The  Gunnery  Officer’s  Job 

Stated  in  terms  of  its  purpose,  the  gunnery  officer’s  job  was 
to  bring  about  and  maintain  maximum  combat  effectiveness  of 
gunners  assigned  to  his  unit.  It  was  assumed  that  he  needed  to 
know  what  factors  contributed  to  the  effectiveness  of  gunners  in 
combat,  to  be  able  to  detect  areas  in  which  improvement  in  profi¬ 
ciency  was  most  needed,  and  to  be  able  to  take  the  proper  correc¬ 
tive  action.  He  needed,  in  addition,  to  adapt  his  activities  con¬ 
tinuously  in  response  to  changing  conditions  of  combat  in  his 
theater..  -  ..  ■  :.s . r.: 

In-  order  to  find  out  specifically'  what  gunnery  officers  were 
.doing -to  improve  gunnery  proficiency,  and  to  secure  a  picture  of 
the  tasks  they  were  expected  to  perform  in  their  units,  the  study 
of  8th  Air  Force  gunnery  officers,  mentioned  above,  was  carried 
.out.1  This  survey  involved  locating  25  gunnery,  officers  who 
were  judged  to  be  proficient  in  their  duties,  interviewing  them 
systematically,  studying  and  analysing  their  conception  of  their 
.job,  and  observing  them  at  work.  Further  perspective  on  the 
gunnery  officer’s  job  was  obtained  by  studying  the  selection  and 
training  program  carried  out  by  the  Royal  Air  Force  for  gunnery 
leaders,  their  counterpart  to  our  gunnery  officer. 

.  In  the  systematic  interviews  with  gunnery  officers,  an  effort 
was  made  to  get  an  evaluation  of  the  importance  of  various  kinds 
t  of  knowledge  and  ability  and  an  estimate  of  the  frequency  with 
which  they  were  needed.  __  Specific  types  of  knowledge  and  ability 
considered  were:  .  , 

Knowledge  of  flexible  gunnery;  "*• 

Knowledge  of  training  principles  as  applied  to  gunnery  training. 

Knowledge  of  maintenance  of  gunnery  equipment. 

Ability  to  check  on  maintenance  of  gunnery  equipment. 

Knowledge  of  the  practical  use  of  gun  armament 

Knowledge  of  briefing  and  of  post-operational  interrogation. 

Knowledge  of  administrative  and  disciplinary  procedures. 

Knowledge  of  factors  influencing  morale.  . . 

Knowledge  of  the  care  and  maintenance  of  the  gunner. 

In  addition,  gunnery  officers  were  asked  to  judge  the  minimum 


1  Thli  study  waa  made  by  MaJ,  Roger  W.  KuseeH  In  January  and  February,  1944* 
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|  acceptable  level  in  each  of  20  characteristics  which  had  been 
identified  as  relevant  to  aviation  cadet  selection  and  classification, 
i  The  gunnery  officer  expressed  this  judgment  by  indicating,  on  a 
9-point  scale,  the  minimum  degree  of  each  characteristic  requisite 
for  effectiveness  on  the  job.  Comments  and  suggestions  were  ob¬ 
tained  from  the  officers  interviewed  in  order  to  supplement  and 
;  clarify  the  information  obtained  through  the  interviews  and  rat¬ 
ings.  The  description  of  the  gunnery  officer’s  job  thus  obtained 
wa3  considered  in  the  formulation  of  the  selection  and  training 
;  program  of  the  Combat  Gunnery  Officers  Course,  which  began 
operation  in  May,  1944.  The  discussion  of  the  gunnery  officer 
1  presented  below  is  a  summary  of  the  findings  of  this  study. 

The  gunei'y  officer  as  teacher.—^ The  most  important  task  of  the 
gunnery  officer,  according  to  the  gunnery  officers  doing  the  job,  was 
to  organize  and  carry  on  a  training  program  to  increase  the  pro¬ 
ficiency  of  the  gunners  in  his  organization.  Skill  in  effective  pres¬ 
entation  of  materials,  ability  to  recognize  individual  differences 
and  to  deal  with  them  intelligently,  and  ingenuity  in  the  develop¬ 
ment  and  use  of  practical  demonstrations  were  stressed  as  essen- 
,  tial  to  good  results.  - 

;  In  connection  with  his  responsibility  for  improving  gunnery  • 
:  proficiency,  the  gunnery  officer  was  called  upon  to  plan  and  carry 

out  a  training  program  for  his  unit  in  accordance  with  sound 
teaching  principles,  to  select  and  train  gunners  to  act  as  gunnery 
instructors,  to  supervise  any  trained  gunnery  instructors  assigned 
to  his  unit,  to  do  a  considerable  amount  of  teaching,  to  procure 
or  improvise  adequate  training  facilities  and  training  aids,  and 
to  keep  up  to  date  on  recent  developments  in  gunnery  and  in  gun¬ 
nery  training  methods.  Recognition  of  the  crucial  importance  of. 
the  task  of  continuing  the  training  of  gunners  during  their  combat 
tour  was  essential  to  an  understanding  of  the  gunnery  officer’s 
job.  Gunnery  officers  in  the  8th  Air  Force  consistently  emphasized 
the  importance  of  this  function,  and  the  necessity  for  experience- 
in  teaching  as  a  part  of  gunnery  officer  training. 

The  gunnery  officer  as  gunner. — A  majority  of  gunnery  officers 
interviewed  agreed  that  the  gunnery  offieer  should  fly  periodically 
on  operational  missions,  in  order  to  maintain  prestige,  to  gain 
a  better  understanding  of  the  problems  faced  by  the  gunners,  and 
to  increase  his  insight  into  practical  aspects  of  gunnery  and  tac¬ 
tics  in  aerial  combat.  This,  in  turn,  meant  that  the  gunnery  officer- 
had  to  possess  all  gunnery  skills  necessary  to  permit  him  to  do  hi3 
full  sliaie  in  protecting  his  bomber  on  these  missions.  In  par¬ 
ticular,  it  meant  that  he  had  to  maintain  a  high  standard  of  marks¬ 
manship,  of  courage,  of  crewmanship,  and  of  skill  in  caring  for 
his  guns  and  personal  equipment. 
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The  gunnery  officer  as  technical  expert. — It  was  found  that  cer-  J 
tain  kinds  of  technical  experiences  were  particularly  needed  by  h 
the  gunnery  officer.  To  answer  gunners'  questions  meaningfully,  i 
the  gunnery  officer  needed  a  thorough  grounding  in  the  theory  of  I 
sighting  and  in  the  functioning  of  machine  guns  and  turrets.  To 
provide  adequate  supervision  of  maintenance,  he  needed  expert  ( 
'ence  in  preflight  and  postflight  checks  on  the  maintenance  job  1 
being  done  by  the  various  specialists.  A  number  of  gunnery  offi.  j 
cers  indicated  that  the  gunnery  officer  needed  a  detailed  knowledge 
of  turret  maintenance.  Ke  needed  to  be  conversant  with  ail  im¬ 
portant  features  of  gunnery  equipment  on  the  type  of  aircraft  * 
used  by  his  unit  Specifically,  he  had  to  know  the  machine  gun  * 
well  enough  to  be  able  to  deal  intelligently  with  special  problems 
which  arose,  for  example,  in  relation  to  proper  lubrication,  to  the 
timing  of  the  solenoids,  and  to  the  effects  of  temperature  on  the 
operation  of  the  gun.  Finally,  although  there  was  not  unanimous  . 
agreement  on  this,  the  gunnery  officer's  job  frequently  involved 
serving  as  a  source  of  information  on  tactical  problems  as  they 
affected  gunnery,  including  such  matters  as  evasive  action,  search  1 
procedures,  characteristics  and*  tactics-  of  enemy  fighters,  and  ! 
fields  of  fire  and  armament  characteristics  of  the  type  of  the  . 
bomber  flown  by  his  own  units.  ‘  ,  .  * 

The  gunnery  officer  as  leader. — In  addition  to  his  specialized  , 
duties,  the  gunnery  officer  could  and  did  function  as  a  leader.  In 
tlus  phase  of  his  responsibility,  one  of  his  biggest  jobs  was  that ! 
of  maintaining  the  morale  of  the  gunners  in  his  unit.  This  in-  * 
volved  obtaining  recognition  of  the  importance  of  gunnery  by  all 
members  of  the  unit,  providing  the  best  possible  conditions  for 
gunners  in  carrying  Out  their  duties,  and  solving  or  alleviating, 
wherever  possible,  problems  or  “gripes”  of  his  gunners.  Basi¬ 
cally,  he  had  to  gain  the  confidence  of  all  personnel  Jn  his  unit 
in  his  ability  to  aid  in  solving  problems  involving  gU7mei3  or 
gunnery.  This  required  not  only  energy  and  knowledge  of  gun¬ 
nery  but  also  an  understanding  of  administrative  and  disciplinary 
procedures. 

Among  the  various  relationships  of  the  gunnery  officer  to  other 
staff  members,  three  were  considered  of  special  importance. 
First,  he  needed  a  complete  understanding  with  his  commanding 
officer  regarding  his  functions  and  their  contribution  to  the  overall 
effectiveness  of  the  unit.  Second,  he  needed  to  maintain  close 
liaison  with  the  intelligence  officer  both  in  briefing  and  in  inter¬ 
rogation.  Knowledge  of  those  procedures  was  useful  in  enabling 
him  to  act  as  an  intermediary  between  the  intelligence  officer  and 
the  gunners  by  clarifying  the  intelligence  officer's  remarks  during 
bn^ng  and  by  clarifying  technical  points  reported  by  the  gun- 
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ners  during  interrogation.  Third,  the  gunnery  officer  was  able 
to  provide  an  additional  valuable  service  by  keeping  the  flight  sur¬ 
geon  informed  on  signs  of  mental  or  physical  fatigue  observed 
iu  his  contacts  with  gunners,  and  by  using  discretion  in  referring 
to  the  flight  surgeon  gunners  in  need  of  special  attention. 

In  addition  to  maintaining  close  liaison  with  the  intelligence 
officer,  the  more  effective  gunnery  officers  were  skilled  in  conduct¬ 
ing  “gunners  critiques.”  Hero  the  officer  had  to  be  able  to  find 
out  what  gunners  had  learned  on  recent  missions,  to  answer  their 
questions,  to  discover  causes  of  personnel  failures,  and  to  develop 
a  situation  conducive  to  building  up  a  feeling  of  cooperation  among 
the  crew  members. 

The  gunnery  officer  as  a  person. — The  25  gunnery  officers  in¬ 
terviewed  in  this  study  were  systematically  asked  to  designate 
what  they  considered  to  be  the  minimum  acceptable  standards 
for  a  gunnery  officer  in  each  of  20  characteristics.  The  character¬ 
istics  were  those  which  had  been  previously  identified  as  impor¬ 
tant  in  the  selection  and  classification  of  aviation  cadets.2  The 
results  of  these  ratings  are  in  accord  with  the  type  of  duties  de¬ 
scribed  above.  The  5  characteristics,  in  which  the  gunnery  officer 
needed  especially  to  excel  were  leadership,  dependability,  motiva¬ 
tion,  emotional  control,  and  judgment.  Next  came  mechanical 
comprehension,  memory,  and  speed  of  decision  and  reaction. 
High  standards  wer^  set  by  the  rating  officers  in  all  20  of  the 
traits.  The  mean  ratings  on  each  trait,  based  on  a  scale  of  1  to 
9,  are  presented  in  table  13.1.  ' 

The  official  job  description. — Of  the  variety  of  duties  which 
gunnery  officers  were  expected  to  perform,  the  revised  job  de¬ 
scription  of  the  Flexible  Gunnery  Officer  (Specification  Serial 
Number  2554),  as  specified  by  Headquarters,  Army  Air  Forces, 
may  serve  as  a  summary : 8 

i  *.  • 

Directs  and  supervises,  in  the  air  and  on  the  ground,  flexible  gunnery 
training  and  operations  within  the  organization  to  which  he  is  assigned. 
Insures  that  gunners  are  thoroughly  familiar  with  the  appropriate  gunnery 
equipment,  accessories,  and  the  latest  flexible  gunnery  tactics  and  techniques. 
Insures  that  all  gunnery  equipment  is  properly  inspected  at  regular  inter¬ 
vals.  Directs  the  instruction  of  gunners  in  crew  coordination.  Supervises 
the  accomplishment  of  the  duties  of  gunners  prior  to  combat  missions. 
Makes  periodic  flight  checks  with  gunners,  reporting  to  the  operations  officer 
all  gunners  not  suitable  for  combat  operations.  _  . 

Assists  in  planning  tactical  and  training  operations.  Maintains  liatqon 
with  flexible  gunnery  officers  of  other  echelons  ard  with  operations  officers 
and  staff  officers.  Frovides  guners  with  the  necessary  training  in  specialties 
other  than  their  own  to  complete  or  augment  their  combat  training.  Coordi¬ 
nates  with  maintenance  and  armament  officers  in  making  necessary  reports 
on  gunnery  equipment. 


1  The  procedure  for  this  aspect  of  Ibo  study  was  fo."  ulated  by  Col.  John  C.  Flanagan. 

*  Inclosure  to  AAF  Letter  35-180,  Revision  of  the  Military  Occupational  Specialty  Aerial 
Gunnery  I-atructor  (3SN  2504),  doted  21  February  1945. 
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Tabls  111.— Minimum  acceptable  standards  for  gunnery  officers  on  each  of 
SO  characteristics  as  judged  by  25  proficient  gunnery  officers  in  the  8th  Air 
Force  (January-February,  19. H) 


Nam*  ot  characteristic 

Mean  rating* 

_ 

6.58 

e.40 

5.52 

5.48 

6.20 

v  6.28 
0.40 
5.00 
5.68 
6.72 
5.12 
6.16 
0.40 
5.84 
5.56 

Dial  and  table  reading - — - 

Division  ot  attention... - - - r 

SerlM  reaction  tiro} - — - 

4.88 

0.63 

0.80 

7.04 

,  \  7.32 

8D  ot  ration 


1.?? 

1.67 

1.51 

1.5$ 

1.77 

1.7$ 

1.95 

1.62 

1.71 
MO 

1.72 
1.87 
1.72 
1.65 
1.57 
1.5$ 
2.00 
1.87 
1.94 
1.91 


i  Ratings  based  on  a  9-point  scale :  9  being  the  highest  rating  and  5  being  the  assumed 
rating  ot-  the  average  aviation  cadet. 


Maintains  a  continued  analysis  of  flexible  gunnery  performance  to  deter¬ 
mine  the  most  suitable  gunnery  procedures  for  use  in  the  area  in  which 
operations  are  conducted,  submitting  recommendations  relative  to  improve¬ 
ment  in  flexible  gunery  equipment,  training  methods,  techniques  and  pro¬ 
cedures. 

Completion  of  basic  gunery  school  course,  or  equivalent  experience,  and 
successful  completion  of  the  prescribed  course  of  instruction  for  flexible 
gunnery  officers  at  an  AAF  special  service  school  is  required. 

The  Measurement  of  Proficiency  of  the  Gunnery  Officer 

The  ultimate  criterion  of  the  effectiveness  of  the  gunnery 
officer  was  the  performance  of  the  gunners  of  his  unit  in  bringing 
down  enemy  planes.  In  practice,  however,  this  criterion  suffered 
both  from  inaccessibility  of  the  necessary  data  and  from  the  wide 
variations  in  conditions  among  the  various  units  to  which  gunnery 
officers  were  assigned. 

An  evaluation  of  each  gunnery  officer  in  terms  of  his  effective¬ 
ness  as  a  teacher,  as  a  leader,  as  a  gunner,  as  a  technical  expert, 
and  as  a  person  was  the  next  choice  as  a  criterion.  It  so  hap¬ 
pened,  however,  that  of  these  areas,  only  his  skill  and  knowledge 
in  gunnery  could  be  adapted  to  objective  measurement.  Ratings 
on  personal  qualities,  or  on  skill  in  teaching  \>r  in  administering 
an  instructional  program,  which  are  difficult  to  evaluate  at  best, 
were  further  complicated  in  this  situation  by  the  fact  that  gunnery 
officers  worked  to  a  large  extent  individually.  .Matings  of  squad¬ 
ron  gunnery  officers  might  have  been  done  by  gunnery  officers 
attached  to  higher  echelon  in  the  same  command,  iut  this  was  not 
done.  ■  The  wide  geographical  dispersal  of  gunnery  officers  con¬ 
stituted  the  primary  practical  obstacle  to  the  ex-cution  of  such 
studies. 
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&;W'th*  absence  of  data  which  would  permit  an  adequate  evalua¬ 
tion  of  gunnery  officers  functioning  in  their  job,  the  most  appro¬ 
priate  means  of  evaluating  proficiency  was  performance  in  the 
Combat  Gunnery  Officers  Course.  The  usefulness  of  this,  crite¬ 
rion  was  enhanced  by  the  fact  that  the  curriculum  of  this  course 
was  closely  related  to  the  description  of  the  gunnery  officer’s  job 
outlined  in  the  first  part  of  this  chapter.  Since  the  curriculum 
-iollowed  the  job  description  closely,  and  since  an  effort  was  made 
to  evaluate  the  promise  of  each  student  as  a  gunnery  officer  in 
terms  of  his  performance  in  various  aspects  of  his  training,  the 
operating  program  of  the  school  offered  useful  information  regard¬ 
ing  the  relative  excellence  of  the  students  in  the  various  aspects  of 
the  gunnery  officer’s  job. 

Examination  of  specific  information  collected  in  the  Combat 
Gunnery  Officers  Course  on  each  student  for  administrative  pur¬ 
poses  revealed  the  following  possibilities  as  indexes  of  proficiency : 

(1)  WeeV’y  character  ratings  given  to  each  student  by  the  commandant 
of  students,  flight  commanders,  and  instructors; 

(2)  Course  grades  in  the  several  courses;  • 

(3)  Final  comprehensive  examination  scores; 

(4) -  Graduatiorr  versus1  elimination  from  the  course.  ,  • 

f 

Of  these,  reliability  data  were  available  on  the  final  compreherf-  ■ 
give  examination  only.  An  estimate  of  0.69  for  this  reliability  ■ 
was  obtained  for  scores  of  54  students  in  classes  44-4  and  44-6 
by  use  of  Kuder-Richardson  Formula  No.  20.*  Study  of  the  va¬ 
rious  criteria  indicated  that  graduation-elimination  appeared  to 
be  most  promising,  since  it  represented  an  evaluation  of  the  stu¬ 
dent  as  a  potential  gunnery  officer,  and  since  it  also  reflected 
course  grades,  final  examination  scores,  and  character  ratings. 
Moreover,  elimination  represented  an  important  administrative 
action,  since  the  school  was  necessarily  judged  by  the  kind  of 
graduates  it  sent  to  the  combat  squadrons.  ‘  . 

One  study  of  the  reasons  for  elimination  was  carried  out  on  32. 
students  eliminated  from  classes  44-1,  2,  3,  7,  8,  10,  and  12. 
These  32  eliminees  constituted  approximately  17  percent  of  the 
"total  enrollment  in  the  classes  studied..  Examination  of  the  fre- 
.  quency  with  which  various  reasons  were  assigned  for  elimination, 
as  shown  in  table  13.2,  reveals  that  approximately  half  of  the 
eliminations  were  attributed  to  academic  deficiencies.  However, 
it  is  also  apparent  that  consideration  was  given  to  personal  quali¬ 
ties  and  ability  to  fly  as  a  gunner  on  missions. 

The  criterion  of  elimination  from  the  school  had  the  practical 
advantage  of  being  based  upon  relatively  uniform  conditions  for 

“"*For  this  group.  K  was  77.6  and  SD  was  6.d.  Data  on  part  scores  oa  this  test  aro  pre 
seated  In  table  13.13.  •  . 
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all  officers  being  compared,  and  of  providing  easily  accessible  data.  . 
This  criterion  had,  however,  the  disadvantage  of  being  based 
largely  upon  subjective  judgments  of  individuals  who  functioned 
without  the  guidance  of  a  clearly  defined  and  consistent  policy. 
Its  value  depended  primarily  upon  the  ability  of  instructors  and 
administrative  officers  to  predict  success  or  failure  of  the  student  * 
as  a  gunnery  officer  in  a  combat  squadron.  The  extent  to  which 
these  judgments  were  reliable,  in  the  statistical  sense,  is  un¬ 
known.  On  the  whole,  this  criterion  wa3  considered  to  be  a  use¬ 
ful  preliminary  tool.  Scores  providing  more  definite  evaluations 
of  all  students  on  all  aspects  of  gunnery  officer  proficiency,  insofar 
as  it  may  have  been  revealed  in  course  performance,  would  have 
represented  a  more  desirable  practical  measure  for  validating  se¬ 
lection  tests.  This  goal  was  not,  however,  achieved  during  the  ' 
period  of  operation  of  the  Combat  Gunnery  Officers  Course. 


TAltLE  13.2. _ Number  of  eliminations  for  various  reasons  among  190  students 

enrolled  in  the  Combat  Gunnery  Officers  Course  (Classes  H-l,  2,  3,  7,  8, 10, 
and  12,  May-August  19 9 \) 


Reason  for  elimination 

Frequency 

14 

1 

2 

2 

1 

R 

3 

3 

-  3 

32 

Summary 

In  early  1944,  the  combat  air  forces  made  known  an  urgent  re¬ 
quirement  for  trained  gunnery  officers  to  improve  and  maintain' 
the  proficiency  of  gunners  during  their  combat  tour.  Tentative, 
plans  were  made  immediately  for  the  selection  and  training  of 
gunnery  officers,  based  on  an  “armchair"  analysis  of  the  putative 
duties  of  gunnery  officers.  To  verify  and  supplement  this  analy¬ 
sis  and  to  obtain  additional  materials  which  would  be  useful  in  cur¬ 
riculum  construction,  a  psychologist  was  sent  to  the  8th  Air 
Force  in  January  1944  to  study  systematically  the  work  of  the 
men  who  were  already  functioning  as  gunnery  offices , albeit  with¬ 
out  having  had  formal  training  for  their  duties.  On  the  basis  of 
this  study,  observations  were  made  with  reference  to  tlv.  gunnery 
officer  as>a  teacher,  as  a  gunner,  as  a  technical  expert,  as  s  leader, 
and  as  a  person.  Consideration  of  the  problem  of  a  criterion  of 
gunnery  officer  proficiency  led  to  the  conclusion  that  graduation- 
elimination  from  the  combat  gunnery  officers  course  was  the  mu?l 
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adequate  of  possible  criteria  considered,  although  weaknesses  In 
this  criterion  were  evident. 


THE  SELECTION  OF  GUNNERY  OFFICERS 

Introduction 

In  formulating  standards  for  the  selection  of  gunnery  officers, 
it  was  decided  that  the  applicant  should  be  a  commissioned  officer 
between  the  ages  of  22  and  35,  be  able  to  pass  the  necessary 
physical  examinations,  and  be  a  graduate  of  an  AAF  Training 
Command  basic  gunnery  school  in  the  upper  25  percent  of  his 
class  or  have  equivalent  on-the-job  experience.  It  was  further 
decided  that  the  officers  should  attain  a  minimum  score  on  a  spe¬ 
cially  devised  test  appropriate  to  this  job.  This  Gunnery  Officers 
Selection  Test,*AC40A,  and  the  revised  form,  AC40B,  were  de¬ 
veloped  in  response  to  this  need.0  At  the  time  when  the  test  was 
prepared,  there  were  available  only  the  job  description  presented 
in  the  first  part  of  this  chapter  and  some  information  about  the  • 
proposed  curriculum  for  the  gunnery  officers  course,  since  opera- 1 
tion  of  the  school  had  not  yet  begun.  It  was  decided  that  the 
test  should  be  able  to  do  at  least  two  things:'  to  measure  the 
ability  to  learn  quickly  (the  gunery  officers  course  would  present 
much  material  in  5  or  6  weeks) ;  and  to  measure  those  traii3  of 
personality  deemed  important  for  good  teaching,  for  maintenance 
of  liaison  with  other  squadron,  group,  or  staff  officers,  and  'for 
rapport  with  gunners.  •,  y 


Gunnery  Officer’s  Selection  Test,  AC40A  8 

In  the  development  of  the  initial  form  of  the  Gunnery  Officers 
Selection  Test,  it  was  judged  to  be  important  that  candidates 
taking  the  test  should  consider  the  items  reasonably  appropriate 
to  the  job  of  selection  of  gunnery  officers ;  that  insofar  a3  possible 
the  specific  content  of  items  should  pertain  to  gunnery  problems;- 
and  that  the  test  performance  should  depend  primarily  upon  the 
general  intelligence  and  upon  the  relevant  personal  qualities  of 
the  candidates.  In  order  to  facilitate  construction,  various  tests 
were  studied  as  sources  of  ideas.  The  test  as  initially  drafted 
was  composed  mainly  of  original  items,  except  the  Mechanical 
Principles  section,  which  was  based .  on  the  Aviation.  Cadet 
Qualifying  Examination,  AC12J,  and  on  the  Mechanical  Principles 


*See  AAF  Ltr.  BO-31  dtd.  6  Juno  1014,  and  revised  AAF  Ltr.  BO-31  dtd.  18  Octobor  1944. 
•The  Initial  construction  ot  the  Gunnery  Officers  Selection  Test  was  carried  out  under  the 
supervision  ot  Capt.  Mason  Halve,  by  IA.  William  B.  Sct'.aicr.l Ptc.  Art ,u'  Fe‘“er» 

»7.li  oSSd h!  Fuel.  CPU  Frederick  B.  MM. -cm  MM,  KcMIe.l  eed  edllorl.l 
suggestions. 


CISGSA.  The  initial  form  of  the,  test  was  tried  out  on  « 
group  of  38  Instructors  School  officers  and  60  weather  officers, 
changes  Avere  made  in  wording  of  items,  and  the  teat  was  re-mime* 
ogr&phed.  The  new  form  was  administered  to  685  officers  in 
Training  Command  gunnery  schools  primarily  to  select  students 
for  the  first  few  classes  of  the  Gunnery  Officers  Course.  On  the 
basis  of  this  experience,  the  test  was  edited  to  eliminate  ambigu¬ 
ous  wordings  noted  by  the  candidates.  A  number  of  new  mathe¬ 
matics  items  were  prepared  during  this  period  and  were  substi¬ 
tuted  for  the  mathematics  items  in  the  original  forms.  Form 
AC40A  was  the  result  of  these  preliminary  try-outs  and  revisions. 

Gunnery  Officers  Selection  Test,  AC40A,  was  organized  into 
two  booklets.  In  general,  subtests  which  were  thought  to  stress 
general  learning  ability  were  included  in  booklet  I,  while  those 
designed  to  reflect  personal  qualities  of  the  candidate  were  in¬ 
cluded  in  booklt  II. 

Booklet  /. — Booklet  I  was  constructed  to  serve  as  a  general 
learning  ability  test.  It  contained  three  parts :  Heading  Compre¬ 
hension,  Mechanical  Principles,  and  Mathematics.  Table  13.3 
shows  the  parts,  the  number  of  questions  in  each  part,  the  reliabil¬ 
ities,  and  the  scoring  formula.  •  .1 


Table  13.3. — The  Gunnery  Officers  Selection  Test  (AC40A),  Booklet  I:  Sub¬ 
ject  matter  and  length  of  parts,  and' reliabilities  of  parts  and  total  (N~ 
190,  May-August  1944) 


• 

Pert 

.  Subject  matter 

»  * 

Number  ot 
questions 

Question 

Nos. 

Reliability* 

Rcadlnr  emnprehenalon  .  . 

30 

45 

30 

X05 

1-30 

31-75 

76-105 

1-105 

0.71 

.6S 

.8$ 

*.88 

*? 

Mechanical  principles  _ 

5t 

Mathematics  _  ' . 

Total _ 

Tiro  Viet  f...  ....  -  ... 

1  Reliabilities  computed  by  Kuder-Rlcbardson  Formula  No.  21. 

‘For  total  score  on  booklet'  I,  M=  68.1;  SD=  13.5.  .  Scoring  formula  was  number  ot 
correct  responses. 


Illustrative  items  from  each  part  of  booklet  I  are  presented 
below. 

Illustrative  item — Reading  Comprehension  (part  1) 

Since  many  types  of  modem  aircraft  do  hot  have  complete  all-around 
defense,  hostile  pursuit  ships  may  be  expected  to  take  advantage  of  blind 
spots,  or  weak  spots,  in  the  defense.  The  most  effective  methods  of  cover¬ 
ing  blind  spots  is  to  distribute  other  aircraft  in  the  formation  in  such  a* 
manner  .that  their  guns  will  cover  these  blind  spots.  In  most  instances  of 
attack,  against  either  a  formation  or  an  indivic'  lal  airplane,  one  gun  station 
will  bear  the  brunt  of  the  defense.  Under  such  conditions  the  gunner  of 
the  station  contributing  most  to  the  defense  mr.y  be  assisted  by  other _ mem¬ 
bers  of  the  combat  crew,  it  is  important  to  iniure  that  firing  is  continuous 
as  long  as  the  attacker  is  m  range  and  that  maximum  firepower  is  delivered 
at  critical  moments.  Th;  defense  will  ordinarily  be  brought  into  action  at 
the  command  of  the  fire  control  officer. 
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1,  Defense  fire  should  be 

*  1-A.  continuous  and  steady  while  the  target  Is  In  range. 

1-B.  continuous  whiie  the  target  is  in  range,  and  at  a  minimum  at  crlti* 
cal  moments. 

1_C.  held  until  critical  moments,  and  then  quickly  brought  to  a  maximum. 
1-D.  such  as  to  prevent  the  attacker  from  coming  in  rang*. 

1-E.  maintained  in  short  bursts  as  long  as  the  target  is  in  range.  . 

Illustrative  item — Mechanical  Principles  (part  2) 

1.  A  gun  sight  is  reliable  only  within  a  limited  range  principally  because 

*  l-A,  it  is  difficult  to  align  the  gun  barrel  and  sights  accurately. 

1-B.  the  sight  is  set  higher  than  the  gun  barrel. 

1-C.  it  is  difficult  to  line  up  the  sight  with  the  target  at  long  range. 

1-D.  a  bullet  drops  more  and  more  rapidly  as  distance  from  the  gun  barrel 
Increases. 

1-E.  a  bullet  loses  momentum  so  rapidly. 


Illustrative  item— Mathematics  (part  3) 

1.  A  sniper  stands  in  a  room  8  feet  back  of  a  wall  that  contains  a  window 
4  feet  wide.  In  a  road  100  feat  from  the  house  and  parallel  to  it  an  in¬ 
fantry  column  is  marching  past.  The  length  of  the  column  that  the  sniper 
can  see  is 
1-A.  60  feet. 

1-B.  54  feet. 

1-C.  200  feet.  1 

1-D.  400  feet  • 

1-E.  432  feet  ’  ' 

Booklet  II. — Booklet  II  was  designed  to  stress  the  personality 
characteristics  considered  important  for  success  as  a  flexible  gun¬ 
nery  officer.  These  traits,  with' a  brief  description  of  each,  are 

listed  below* 

(1)  Leadership. — Ability  to  arouse,  plan,  and  direct  the  aetivi-  ; 
ties  of  a  group  of  gunners  toward  the  attainment  and  maintenance 
of  the  highest  possible  level  of  proficiency  in  all  respects  of  gun- 

(2)  Sociability. — Ability  to  mix  well  and  show  a  direct  per¬ 

sonal  interest  in,  and  an  understanding  of,  the  gunners  with  whom 
he  is  working,  and  in  their  personal  problems.^  ■ 

(3)  Judgment. — Ability  to  arrive  at  a  decision  which  will  lead 

to  effective  action  by  recognizing,  summarizing,  and  proper  y 
weighing  all  the  facts  pertinent  to  the  solution  of  problems,  par¬ 
ticularly  training  problems.  .  .  .  .  . .  nvlm 

(4)  Self-confidence.— A  fair  and  just  appraisal  of  his  own 
abilities  enabling  him  to  make  necessary  decisions  and  to  take 
appropriate  action  without  delay  or  hesitation. 

(5)  Tact.— Ability  to  deal  with  people  in  a  face-to-face  situa¬ 
tion  in  such  a  way  that  pleasant  and  effective  personal  and  work¬ 
ing  relations  are  maintained  at  all  times. 

(6)  Emotional  control- Ability  to  remain  calm  and  collected 
and  to  render  fair  and  objective  decisions  under  trying  circum¬ 
stances. 
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(7>  Gunnery  interest. — Interest  in  flexible  gunnery  and  related 
mechanical  problems. 

These  qualities  served  as  a  guide  in  deciding  the  type  of  subtests 
to  be  used  and  in  formulating  items  for  subtests  in  booklet  It 
An  effort  was  made  to  include  a  number  of  items  believed  to 
be  related  to  each  of  these  characteristics,  and  to  include  only 
such  items  as  were  judged  to  be  relevant  to  at  Inast  one  of  them. 
An  attempt  was  made  to  construct  Biographical  Data  Blank 
items  covering  each  of  these  qualities.  Instructional  Aptitude 
items  were  designed  to  stress  judgment  and  tact.  Gunnery  In¬ 
terest  was  designed  to  measure  interest  indirectly  by  measuring 
information.  Sports  and  hobbies  was  intended  to  provide  indi¬ 
cations  of  sociability,  The  number  of  items  in  each  subtest  are 
shown  in  table  13.4,  along  with  reliability  coefficients  and  scoring 
formulas. 


Table  13.4. — The  Gunnery  Officers  Selection  Test  (AC40A),  Booklet  11: 
Subject  matter  and  length  of  parts,  and  reliabilities  of  parts  and  total 
(>V~  190,  May-Augugst  1944) 


Part 

Subject  matter 

Number  of 
Questions 

Question 

Nos. 

Reliability! 

Biographical  data  blank - 

60 

1-60 

0.43 

2 

Instr-.irlor  aptitude  . . _ 

30 

81-90 

S3 

n 

GPunnery  lnt^r^at, _ ,  _  _ 

30 

91-120 

52 

* 

Sportt  aud  hobbltev  _ 

30 

121-160 

97 

Total _ 

1 

Booklet  II  —  -  — , — 

160 

».80 

*  Reliabilities  computed  by  Kuder-Rlchardson  Formula  No.  21. 

*  For  total  score  on  booklet  XI,  M=  88.8,  SD=  13.2.  Scoring  formula  nt  number  of 
correct  responses  tor  all  parts  of  the  test  except  lor  Biographical  Data  Blank  la  which  each 
alternative  was  scored  +1,  —1,  or  0. 

Sample  items  for  each  of  the  four  subtesta,  and  the  directions  ' 
for  Biographical  Data  Blank  and  Instructor  Aptitude  are' pre¬ 
sented  below.  . 

Illustrative  item — Biographical  Data  Blank  (part  1) 

Directions. — In  this  part  you  are  asked  for  certain  information  about  your 
opinions,  your  background,  your  education,  and  your  civilian  employment. 
All  of  this  information  has  been  shown  to  be  related  to  gunnery  officer  train-  , 
ing.  It  is,  therefore,  in  your  own  best  interest  to  answer  the  items  in  this 
part  carefully.  There  are  no  "right”  answers  to  these  items  except  the 
answers  that  tell  the  truth  about  you.  . 

For  each  item,  decide  which  one  of  the  choices  best  fits  your  case.  f  Some¬ 
times,  no  one  of  the  choices  will  exactly  fit  your  case.  Don't  worry  about 
this:  just  select  the  choice  that  most  nearly  fits. 

Work  os  rapidly  as  you  can  without  making  mistakes.  Don’t  spend  * 
long  time  thinking  about  the  answer  to  an  item.  Mark  the  answer  quickly 
that  you  think  is  best  by  blackening  the  space  identified  by  the  same  letter 
and  number  on  your  separate  answer  sheet. 

1.  Until  you  were  18  years  old,  on  which  one  of  tho  following  did  y<w, 
spend  most  of  the  time  when  you  were  not  in  school? 

1-A.  Building  things. 

1-B.  Reading  and  studying. 

1-C.  Playing  football,  basketball,  and  other  sports. 

1-D.  Working  for  your  parents. 

1-E.  Earning  money  by  working  for  someone  other  than  relatives. 
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Illustrative  item — Instruction  Aptitude  (part  2). 


Directions. — This  part  contains  a  croup  of  problems  like  thosswith  which 
a  gunnery  officer  might  be  confronted  Following  each  of  the  situations  that 
are  described  are  several  multiple-choice  items.  Study  each  situation  as  you 
come  to  it  and  decide  which  one  of  the  choices  given  after  each  accompanying 
question  or  incomplete  statement  best  answers  the  question  or  completes  tha 
meaning  of  the  statement.  If  you  canot  decide,  you  may  reread  tho  situation  - 
described.  Several  choices  may  seem  reasonably  possible;  you  are  to  select  ' 
the  one  that  you  think  is  best.  On  your  answer  sheet,  blacken  the  space 
identified  by  the  same  number  and  letter  as  the  best  answer. 

At  an  air  base  in  a  theater  of  operations,  a  gunnery  officer  has  organized 
his  gunners  into  a  class  for  an  in-service  training  course.  The  gunnery 
officer  was  graduated  from  gunnery  school  some  10  months  earlier  and  his 
combat  experience  has  been  limited.  Two  of  tho  men  are  newly  assigned 
gunners,  while  the  other  gunners  have  had  meny  combat  missions  and  have 
received  most  of  their  gunnery  training  in  combat.  The  older  gunners  fall 
into  three  groups — half  of  them  were  trained  as  armorers,  about  a  quarter  of 
them  were  trained  as  radio  men,  and  the  rest  are  graduates  of  AM  schools. 
The  two  waist  gunners  in  the  group  lead  all  the  rest  both  in  combat  missions 
artdjn  decorations.  What  they  say  about  anything  is  law  with  the  other 
•enlisted  men  of  the  command. 

1.  On  every  new  point  of  procedure  mentioned  by  the  officer,  the  two 
waist  gunners  continually  bring  up  difficulties  based  on  their  experiences.- 
The  officers  should—  .  .  .  .  •  • 

1-A.  appeal  to  the  class  for  cooperation.  ;  -  :•  •  ,  >  .  :  '■  ,  •  • 

1-B.  call  the  two  men  in  for  conferences.  '  ... 

1-C.  attempt  to  justify  the  technique  on  the  basis  of  his  superior  training. 

1-D.  question  the  two  men  in  such  a  way  as  to  make  them  show  their 
lari:  knowledge  of  gunnery  theory. 

vl-E.  explain  that  new  techniques  are  usually  developed  by  highly  cxperl- 
,-.iced  combat  gunners.  .. .  >, 

Illustrative  item— Gunnery  Interest  (part  3).  '  1  - 


1  A  violent  and  uncontrollable  turn  of  an  airplane  while  it  is  taxiing  is 

called—  ..  •  *  •' 

1-A.  a  Christie.  ■  i  ■  >- .  ■  ■.  1  •  '  "  1  *' 

1-B.  a  nose-over.  ,  *  •••*'*•  -  -  •  r 

1-C.  an  Immelmann  turn.  '  >  ■  _ 

1-D.  a  chandelle. 

1-E.  a  ground  loop.  •  '  /  s’  , 

Illustrative  item— Sports  and  Hobbies  (part  4).  '  ;  ’ 

*  *  -  *  *  i 

1.  A  “passed- ball”  may  be  charged  against  ,  .  •  , 

1-A.  either  the  pitcher  or  the  catcher.  . 

1-B.  the  pitcher  only.  •  - 

1-C.  tho  catcher  only. 

1-D.  any  outfielder,  ;  ....  ....  •  •  •  • 

1-E.  any  infielder. 

Total  scores— The  distribution  constants  and  reliabilities  for 
both  booklets  are  shown  in  table  13.6.  ‘  . '  • 

t  * 

Table  13.5.— Reliabilities  of  total  scores:  Gunnery  Officers  Selection  Test , 


■  ■ 

Number  of 
questions 

Reliability 

coefficient1 

Dooklct  _ _ 

105 
.  150 

255 

0.88 

.80 

*.88 

Total  _ _ _ 

1  Reliabilities  computed  by  Kudcr-RIcbardson  Formula  No. 
•For  total  score,  M=157.1,  SD=23*3f  N=189# 


; 
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Selection  policy,  AChOA. — As  has  been  previously  pointed  out, 
at  the  time  the  test  was  constructed  and  when  it  was  first  put 
to  use,  there  was  no  Combat  Gunnery  Officers  Course,  and  it  was 
impractical  to  test  successful  gunnery '  officers  in  theaters  of 
operation.  There  was,  therefore,  no  way  of  estimating  the  valid¬ 
ity  of  the  test,  and  the  selection  po.icy  had  to  be  determined  with¬ 
out  the  aid  of  validation  data.  It  was  suggested,  at  first,  that 
students  be  required  to  pass  the  test  at  or  above  the  average  for 
the  population  tested,  i.e.,  at  or  above  the  fifth  stanine.  A  num¬ 
ber  of  candidates,  particularly  those  having  combat  experience, 
were  admitted  to  the  school  during  the  early  period  of  operation 
on  the  basis  of  stanine  scores  of  four  and  even  of  three. 

.  The  validity  of  AC  10 A? — The  validation  of  this  first  form  of 
the  test  was  possible  only  after  the  Combat  Gunnery  Officers 
Course  had  been  in  operation  a  sufficient  length  of  time  for  enough 
cases  to  be  gathered  to  permit  statistical  study.  Data  on  the 
validity  of  AC40A  are  briefly  presented  here. 

Table  13.6  shows  the  biserials  of  AC40A  scores  against  pass- 
fail  in  the  Combat  Gunnery  Officers  Course.  Although  it  was 
probable  that  a  better  than  chance  relationship  existed  between 
test  scores  and  success  in  the  course,  it  was  judged  that  little  con¬ 
fidence  could  be  placed  in  the .  estimate  of  validity  because  the 
reliability  of  the  criterion  .was  unknown. 

Table  13.6. — Biaerial  correlation  coefficients  between  scores  on  the  Gunnery 
Officers  Selection  Test  (ACiOA)  and  graduation-elimination  in  the  combat 
Gunnery  Officers  Course  (N—190,  Pt=0.8S *,  May-August  J9jU) 


AC40A  'MM 


Booklet  I - - - - - 0.32 

Booklet  II _  .08 

Total  Teat _ _ xrr========:ii========u  -18 


1  Menas  and  standard  deviations  for  this  population  not  available. 

*  For  these  data,  a  correlation  aa  large  as  0.14  would  be  expected  to  occur  by  chance  6 
times  In  100;  one  aa  large  as  0.18  would  be  expected  to  occur  by  chance  1  time  In  100. 

Revision  and  Final  Form  of  the  Gunnery  Officers  Selection  Teat, 
AC40B  • 

Form  AC40A  of  the  Gunnery  Officers  Selection  Test  included 
226  items  and  required  approximately  4  hours  to  complete.  In 
order  to  shorten  the  test,  an  internal-consistency  item  analysis 
was  carried  out,  using  answer  3heets  of  200  officers.  Tetrachoric 
r's  between  pass-fail  on  each  item  and  total  score  on  each  booklet 
(using  median  split)  were  computed  for  each  item.  The  test 


1  Validation,  standardisation,  and  revision  of  AC40A  were  primarily  tho  responsibility  of 
Capt.  Lawrence  M.  Siotwrow,  assisted  by  Lt.  Gerald  It.  Pascal  and  Sgt.  Paul  Freemas- 
Chiefly  responsible  for  statistical  analyses  wero  Cspt.  Otto  J.  Boyers  and  Tcchnlcol/Sgt- 
Hyman  Kaltx.  ’  ’ 
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was  cut  to  125  items  and  time  limits  were  set  for  each  part.  The 
total  of  these  time  limits  was  2  hours.  The  Biographical  Data 
Blank  subtest  was  eliminated  because  of  low  item  reliabilities  and 
because  of  dissatisfaction  with  the  a  priori  scoring  key.  The 
revised  form  of  this  test  was  designated  AC40B.  * 

The  reliability  of  AC40B. — Since  AC40B  was  composed  en* 
tirely  of  items  drawn  from  AC40A,  it  was  possible  to  obtain  esti¬ 
mates  of  the  reliability  of  AC40B  by  rescoring  600  answer  sheets 
of  candidates  for  admission  to  the  Gunnery  Officers  Course' 
Table  13.7  gives  the  reliabilities  obtained,  together  with  the  name 
and  length  of  each  part.  Stanine  conversion  tables  for  Booklet  I 
scores.  Booklet  II  scores,  and  total  scores  were  constructed  on 
the  basis  of  the  appropriate  means  and  standard  deviations. 
The  stanine  conversion  tables  will  be  found  in  table  13.8. 


Table  13.7. — Revised  Gunnery  Officers  Selection  Test,  ACiOB:  Subject  matter 
and  length  of  parts  and  reliabilities  of  parts  and  total  (N=  500,  August 

im)y 


BOOKLET  I 


Number  of 
questions 

Question 

numbers 

Reliability  4 
coefficients 

- f- 

M* 

3D 

25 

1-25' 

25-60 

0.70 

17.37 

4.00 

25 

.70 

16.97 

4. OS 

Parts.  Mathematic* - 

25 

61-76 

.85 

11.83 

.  6.7* 

Tnfal  TVinlflptl  •  . 

76 

.  1 

*.87 

48.17 

‘  11.29 

. 

• 

1  . 

BOOKLET  II 


15 

1-15 

0.52 

10.58 

2.4* 

15 

16-30 

50 

11.50 

2.24 

Part  3.  Sport3  and  bobbles - • — 

20 

31-60 

.03 

11.92 

3.55 

50 

*.69 

34.00 

5.8S 

Total  test - 

125 

.89 

80.16 

15.30 

i  Reliabilities  computed  by  Kudcr-Rlehardson  Formula  No.  21. 

*  For  total  scoro,  Booklet  I.  M=4G.2,  80=11.3. 

*For  total  score,  booklet  II#  M=:34.0#  SD--5.8.  • 

4  Scoring  formula  for  entlro  test  -was  ni'mbcr  of  correct  response*. 


Table  13  8 .—Table  for  converting  ACiOB  raw  scores  to  stanine  scores  (N=* 

500,  August  19U) 


Stnnlnes 

Expected 
percent 
of  cases 

Ravr  score  Intervals 

Book  I  * 

Book  II  * 

4 

7 

12 

17 

20 

17 

12 

7 

4 

06  and  over— 
61-65 _ 

44  and  over. 
41-43 

39-40 

37-38 

33-36 

30-32 

27-29  - 

24-26 

Below  24. 

8 _ _ _  _ _ 

56-60 _ 

50-55 _ 

44-19— 

38-43 

4, _ T _ - 

3 _ i . . . 

32-37—.. 

2 _ _  .  _  — 

2 1  —it _ 

i  elovr  27— 

39 7 


Thi  determination  of  minimum  qualifying  scores. — An  estimate 
of  the  relationship  between  AC40B  scores  and  the  criterion  was 
calculated  by  rescoring  AC40A  papers  of  182  officers  for  whom 
graduation-elimination  data  were  available.  These  papers  had 
been  excluded  from  the  item  analysis  on  the  basis  of  which  AC40B 
was  constructed.  They  had  been  used  in  the  validation  of  AC40A 
described  earlier.  Table  13.9  shows  the  estimated  relationship 
between  Gunnery  Officers.  Selection  Test  AC40B  scores  and  grad¬ 
uation-elimination  in  the  Combat  Gunnery  Officers  Course. 

TABLE  .13.9. — Biserial  correlations  between  AC  1,0  B  scores  and,  graduation • 
elimination  in  Combat  Gunnery  Officers  Course  (May-August  1SU) 1 


ACJOB 

Nt 

P» 

Stanine  score* 

* 

M, 

M. 

SDt 

r*ivv 

Booklet  I - - - 

182 

0.857 

6.15 

■  .  3.77 

1.79 

0.42 

Booklet  II - - 

182 

,857 

5.48 

4.81 

1.93 

.11 

*  Coefficients  not  corrected  for  restriction  of  range. 

*For  these  data,  a  correlation  coefficient  as  large  as  0.14  would  be  expected  to  occur  b 7 
chance  6  times  In  100;  one  of  0.18  would  be  expected  to  occur  by  chance  1  time  In  ICO. 

To  provide  an  empirical  basis  upon  which  to  recommend  quali¬ 
fying  scores  in  the  selection  of  candidates  for  the  Combat  Gunnery 
Officers  Course,  various  combinations  of  Booklet  I  and  Booklet  II 
stanines  were  arrayed  against  pass-fail  in  the  course,  and  tetris 
choric  correlation  coefficients  computed.  Table  13.10  shows  the 
proportion  of  students  and  the  proportion  of  failures  which  would 
have  been  retained  by  various  combinations  of  stanine  scores 
among  182  officers  who  attended  the  Combat  Gunnery  Officers 
Course.' '  •:  ■ 

Table  13.10, — Percent  ~>f  total  population  retained  and  percent  of  failures 
retained  by  various  pairs  of  critical  stanine  scores  of  Booklet  I  and  Booklet 
II  of  ACiOB  (182  students;  26  failures) 


Critical  stanlno  score  (Booklet  II)  : 


(Booklet  I) 

3 

4  . 

6 

< 

3.  Percent  of  students  *elccted_! _ 

Percent  of  failures  retained - 

72.5 

53.5 
(0.32) 

58.8 

20.9 

,  <0.49) 

38.8 

7.7 

(0.54) 

61.0 

46.2 

(0.24) 

61.1 

23.1 

(0.44) 

.  34.1 

7.7 

(0.51) 

2 

2b.lv 
(0,24i 
.  S7.4 

23.1 
(0.25) 
26.9 

3.8 

(0.54) 

16.0 

3.8 

(0.40) 

Tetraehorle  r.  .  . 

4.  Percent  of  failures  retained _ 

Porceatof  failures  retained _ 

Tetracborlc  r _ _ 

6.  Per.  .nt  of  failures  retained _ 

Percent  of  failures  retained _ 

’i'etrachorlc  r _ 

0.  Percent  of  failures  retained... 

20.f 

3.8 

(0.47) 

12.6 

3.8 

(0.05) 

Percent  of  failures  retained . . 

Tetracborlc  r _ 

Selection  policy,  A.GSrQB. — Considering  the  predictive  value  of 
obtained,  measures  of  relationship,  and  the  uncertainty  of  factors 
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contributing  to  the  make-up  of  the  population  used  in  the  empirical 
study,  it  was  deemed  advisable  to  select  cut-off  scores  which  would 
permit  a  majority  of  candidates  to  enter  the  Combat  Gunnery 
Officers  Course.  It  was  therefore  recommended  that  until  such 
time  as  validity  studies  against  a  reliable  criterion  could  be  con¬ 
ducted,  all  applicants  receiving  a  stanine  score  of  four  or  above 
on  Booklet  I  and  three  or  above  on  Booklet  II  be  admitted  to  the 
school.  Inspection  of  table  13.10  will  show  that  if  this  policy  had, 
been  followed  with  182  students  who  had  been  admitted  to  the 
school,  26.8  percent,  or  7  out  of  26,  of  the  men  who  actually  failed 
would  have  been  permitted  to  enter  the  school,  but  that  58.8  per¬ 
cent  of  the  total  number  of  students  would  have  been  admitted. 
Under  the  circumstances  the  recommended  stanine  cut-offs  were 
considered  fairly  efficient,  and  they  were  recommended  for  use. , 

Sincmary  •  .  :  . 

This  chapter  has  described  the  construction  of  the  Gunnery 
Officers  Selection  Test,  its  reliability,  and,  insofar  as  possible,  its 
validity.  .The  statistical  procedure  used  in  arriving  at  a  recom¬ 
mended  cut-off  score  for  selection  of  applicants  has  been  indicated. 
The  statistical  analysis  showed  a  significant  relationship  between- 
success  on  the  Gunnery  Officers  Selection  Test  and  success  in  the 

Combat  Gunnery  Officers  Course.  .*  .  • 

”  '  ‘  >  *. 

THE  TRAINING  OF  GUNNERY  OFFICERS  ■ 

*  •  •  ,  V 

Introduction  . 

The  original  curriculum  for  the  training  of  combat  gunnery  . 
officers  developed  as  the  result  of  three  separate  endeavors,  as 

described  below.  ’  .  .  ’ 

Preliminary  draft  of  curriculum. — The  first  draft  of  the  cur-  ✓ 
riculum  was  prepared  in  December  1943,  following  the  receipt  by  . 
the  Instructors  School  of  a  . directive  to  prepare  to  train  some  i,500 
gunnery  officers.8  The  directive  required  immediate  action .  in , 
establishing  a  course  of  training  for  such  officers.  In  preparation 
of  the  initial  curriculum,  it  was  necessary  to  take  advantage  of 
such  information  as  was  available  from  combat  reports  and  from 
officers  who  had  some  combat  gunnery  experience.  Guiding  prin¬ 
ciples  were  inferred  on  the  basis  of  the  broadly  defined  objectives 
stated  In  the  directive.  Suggestions  regarding  possible  gunnery 
training  procedures  were  obtained  from  officers  engaged  in  the 
training  of  basic  gunners  and  gunnery  instructors  at  Buckingham. 


•Most  c£  the  original  planning  lor  the  training  of  gunnery  ofdcers  was  done  by  M»J.  Roger 
W,  Russell.  He  drafted  the  preliminary  curriculum,  conduct-  :  ^e  ^^y  of  EU^,e^  °®C*” 
In  the  8th  Air  Force,  and  advised  in  the  preparation  of  the  s  oa!  draft  of  the  initial  currt 

eulum  of  the  school.  .  ,  •  • 
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Iti  general,  the  first  draft  of  the  curriculum  emphasized  instruc¬ 
tion  in  various  methods  teaching  gunners  and  of  giving  them  re- 
fresher  training,  as  it  was  anticipated  on  the  basis  of  available 
information  that  gunnery  officers  would  be  primarily  concerned 
with  such  problems.  Also  included  in  this  first  draft  were  provi¬ 
sions  for  a  review  of  the  duties  and  equipment  of  basic  gunners, 
as  well  as  for  familiarization  with  the  fatest  developments  in 
gunnery  theory  and  tactics. 

Study  of  gunnery  officers  in  the  European  Theater  of  Opera- 
tfans. — It  was  recognized  during  the  early  period  of  planning  of 
the  gunnery  officers  course  that  the  preliminary  curriculum  form¬ 
ulated  4c  meet  immediate  military  requirements  should  be  eval¬ 
uated  and  revised  on  the  basis  of  a  firsthand  study  of  the  duties 
of  c  ombat  gunnery  officers.  It  was  primarily  for  the  purpose  of 
effecting  such  evaluations  and  revisions  that  an  officer  was  sent, 
in  January  1944,  to  the  European  Theater  of  Operations  to  visit 
gunnery  installations  and  interview  gunnery  experts  in  the 
8th  Air  Force  arid  the  Royal  Air  Force. 

The  information  gained  regarding  the  duties  of  gunnery  officers 
in  both  the  RAF  and  the  8th.  Air  Force  is  summarized  in  the 
first  part  of  this  chapter.  On  the/basis  of  this  information,  eight 
fields  of  knowledge  were  formulated,  and  were  assigned  weights 
according  to  their  relative  importance,  the  weights  being  based 
as  much  as  possible  on  the  consensus  of  experienced  and  qualified 
gunnery  experts.  The  number  of  class  hours  to  bo  devoted  to 
instruction  in  each  of  eight  fields  was  then  determined,  account 
being  taken  both  of  the  weightings  and  of  the  difficultives  involved 
in  learning  the  various  types  of  material.  Difficulty  of  materials 
Jo  be  learned  was  judged  in  terms  of  the  complexity  of  the  mate-, 
rial  involved  and  in  terms  of  the  likely  backgrounds  of  the  student 
officers.  The  fields  of  knowledge,  assigned  weights,  and  delegated'- 
numbers  of  class  hours  were  as  indicated  iri  table  13.11. 


Table  13.11. — The  fields  of  knowledge,  assigned  weights,  and  number  of  clais 
hours  used  in  preparation  of  initial  curriculum  for  Combat  Gunnery  Officers 
Course  (Buckingham,  March  19M) 


Field  of  knowledge 

.«  • '  -  *  _«  '  „ 

t 

1 

Weight 

Hours  la 

5 -week 
course 

(1)  Knowledge  of  training  principles  and  practices  as  may 
apply  to  training  In  flexible  gunnery _ _  _  . 

12 

(1 

(2)  Knowledge  of- flexible  gunnery  (including  sighting) _ 

9 

61 

(3)  Knowledge  of  the  maintenance  of  gunnery  equipment 

(including  preflight  checks).  _ 

(4)  Knowledge  of  tactics  and  the  tactical  employment  of 

gim-ormamecta  ..  .  . 

8 

4 

44 

:j 

(5)  Knowledge  of  operational  procedures _ _ _  . 

4 

23 

(6)  Knowledge  of  administrate  and  disciplinary  procedures 

(7)  Knowledge  of  factors  influencing  morale..  _  . 

(8)  Knowlcdgo  of  the  care  and  maintenance  of  the  gunners..  ' 

1 

1 

1 

8 

8 
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The  fields  o l  knowledge  listed  in  table  13.11  agreed  essentially 
with  the  first  rough  draft  of  the  curriculum  prepared  prior  to  the 
study  of  gunnery  officers  in  the  European  Theater  of  Operation. 
The  8th  Air  Force  study  largely  confirmed  the  assumptions  on 
which  the  preliminary  curriculum  was  based. 

Contribution  of  board  of  combat  gunnery  experts. — At  approxi¬ 
mately  the  same  time  that  the  8th  Air  Force  study  was  initiated, 
four  combat  gunnery  experts,  were  ordered  to  Buckingham  to 
assist  in  the  establishment  of  the  course.8  These  officers  made' 
several  revisions  to  the  first  draft  of  the  curriculum,  formulated 
some  suggestions  regarding  specific  training  procedures,  and  met 
with  the  Officer  in  charge  of  the  8th  Air  Force  study,  upon  his 
return,  to  nuke  final  decisions  about  the  curriculum. 

The  Curriculum  for  the  Combat  Gunnery  Officers  Course  ■'  ,, 

On  the  basis  of  the  above  three  endeavors,  the  curriculum  out¬ 
lined  in  table  13.12  was  put  into  effect  for  the  first  class  of  stu¬ 
dents  in  the  Combat  Gunnery  Officers  Course.  The  broad  out- 


Table  13.12.— Initial  curriculum  for  Combat  Gunnery  Officer a  Course  (March 

_ _ _  uu) _  ,  - _ _ _ 

•  Content  '  "  Hourt 


1.  Orientation  _• - - - — - - — - - 

2,  Flexible  gunnery  review  and  instruction  (70  hours):  .  - 

a.  Sighting,  theory  and  sights--- — — - t-~ — 

b.  Synthetic  training,  theory  and  practice — - - 

c.  Ground  firing,  theory  and  practice—— - - — . 

d.  Air-to-ground  firing,  theory  and  practice - 

e.  Air  camera-gun  firing,  theory  and  practice————. 


/.  Evaluation  and  assessment  of  air  camera-gun.  film—- — — — 
3.  Principles  and  practices  in  flexible  gunnery  training  (44  houxu)  ? 

a.  Orientation  ! - — ~ - - - - - r — - 

b.  Organization  of  training  program - — - ?- 

c.  Instructor  selection - - - — - ' - - - 

d.  Teaching  methods-- — . - r - - - - - 

e.  Training  records — — - - - - - - — - — — - "■ 


/.  Practice  teaching  —  - — - - — 

Use  and  maintenance  of  equipment  (or  hours) -  • 


а.  Introduction - - - - — ; - . - 

б.  Weapons - - - - - 

c.  Ammunition  and  explosives - - 

e.  Interphone  communication  equipment,  theory  and  practice. 

<  /.  Oxygen  and  personal-  equipment — - * — — - 

6.  Tactics  (23  hours) :  •  *  . 

a.  Introduction - t— — -~-r. -  - 

b.  Factors  affecting  air  fighting -tactics - - - 

c.  Fighter  tactics - - 

d.  Bomber  tactics - - — . - - - 

e.  Fighting  control  and  evasive  action - 

f.  Search  procedure - - - 

y.  Duties  of  flexible  gunner-- - - - - - 

ft.  Air  exercises-- - — - - 

6.  Operational  procedure'  (36  hours) 

n  Tnfrniltiefcion  and  outline  Ox  combat  intelligence.  .  — 


*  Squadron  Leader  William  J.  Winter,  HAP.  .Ccpt  Otl.  W.  May.  Capt.  Edward  G.  Me 
Laugblln,  and  Capt  Eugene  J.  Pollock. 
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b.  Briefing,  tiuory  and  practice -  • 

e.  Inter?6gation>  critiques,  personal  interviews,  and  reporting, 

theory  and  practice - - - . - - - - . - - - -  jj 

<L  Maps  and  target  charts - - - .  j 

e.  Evasion,  escape  procedures  and  prisoner-of-war  behavior _  j 

/.  Aircraft  recognition _ „  j 

g.  Briefings  ana  interrogations  in  conjunction  with  air  exercises..  9 

7.  Administration  and  discipline  (S  hours) : 

а.  Unit  organization,  channels  of  command,  staff  relations,  ete. _ _  i 

б.  Administration  and  reports.  ... _ _ _ _  3 

e.  Military  law _ . _ _ _  1 

d.  Discipline _ _ _ _ _ • _  1 

8.  Morale  (3  hours) :  -  ' 

a.  The  meaning  of  “morale** _ _  1 

b.  Principles  of  controlling  morale - - - : _  1 

c.  Practical  suggestions  for  maintaining  the  morale  of  gunners....  1 

9.  Care  and  maintenance  of  the  gunner  (6  hours) : 

a.  Effects  of  flight. _ 2 

b.  Prevention  of  personnel  failures  leading  to  casualties _ _ _ _  .  1 

c.  First  aid _ 1 

d.  Air  fatigue _ _ .... _ _ _ .  2 

10.  Final  examination  _ _ _ _ U _ J 

11.  Final  board _ ... _ _ _ ' _  1 

Total  hours  of  course  of  instruction _  240 

12.  Bound-table  discussions:.  . 1 . 

a.  Orientation  discussions  by:  '  <.»  '  .  \  At  • 

m  Pilot _ : _ ; _ _ _ _  2 

(2)  Navigator  _ 2 

(3)  Bombardier _ .... _ _ _  2 

b.  Informational  discussions  by  available  combat  personnel  (hours 

as  required) _ . _ 

lines  of  the  curriculum  remained  essentially  the  same  throughout 
the  war,  although  many  changes  were  made  in  the  specific  course  * 
content  from  time  to  time,  one  of  the  most  important  being  the 
addition  of  a  sixth  week  almost  exclusively  devoted  to  simulated 
operational  missions.  The  correspondence  between  this  curricu¬ 
lum  and  the  descriptions  of  the  duties  of  gunnery  officers  was  . 
close.  It  can  be  seen  that  each  of  the  areas  of  knowledge  stressed 
S3  being  of  Importance  to  the  accomplishment  of  these  duties  was 
taken  into  account  in  the  preparation  of  the  curriculum.  ''  '  •  ; 

Contributions  of  Psychologists  to  Gunnery  Officers  Course  ; 

Psychologists  in  the  Central  School  had  little  to  do  with,  the 
gunnery  officers  course  once  it  was  established.  Various  course 
examinations  were  prepared  by  the.  psychological  tests  section  of 
the  Research  Division,  and  a  final  comprehensive  examination 
prepared  by  this  section  was  used  as  one  basis  for  elimination. 
•In  accordance  with  the  expressed  desire  of  school  authorities, 
these  tests  were  designed  to  measure  the  mastery  of  a  minimum 
amount  of  information  considered  to  be  of  special  importance. 
Obtained  scores  were  usually  so  high  that  it  was  deemed  unprint¬ 
able  to  determine  measures  of  item  reliability.  Reliability  co¬ 
efficients  were  determined  for  the  Final  Comprehensive  Exami¬ 
nation,  form  B,  on  the  basis  of  administration  to  two  classes. 
These  data  are  included  in  table  13.13, 
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Tablb  13.13. — Reliabilities  of  part  a«<f  total  scores  vf  Combat  Gunnery  Officers 
Course  Final  Comprehensive  Examination,  Form  B  (Class  34-4,  January 
1H4;  Class  44-3,  February  44;  N=*  54) 


Part 

Number 

ot 

Items 

Range 
ot  raw 
scores 

Mean 

raw 

ecora  • 

SD 

r», 

principles  end  practices  ot  gunnery  training.. 

Tactics . . . . ..... 

Administration  and  discipline _ _ _ 

Cara  and  maintenance  ot  the  gunner _ 

Use  and  maintenance  ot  equipment _ _ 1 

Aerial  gunnery  review  ana  Instruction - 

Tottl-  nl  -  ■  -  „ «  n*.  -] 

15 

10 

10 

5 

30 

30 

2- 15 
6-10 

3- 10 
1-5 

19-25 

18-27 

0.5 

8.4 

7.0 

3.9 

25.4 

23.0 

8.1 
1.4 
1.4 
:  1.0 
2.3 
2.<V 

0.75 

.<* 

.17 

.28 

.12 

100 

61-90 

i 

77.4 

6.4 

1 

,89 

>  Reliability  computed  by  Kudcr-Rlchardbon  Formal*  20. 

Validity  was  considered  only  insofar  as  each  item  on  a  test  did 
relate  to  actual  course  content  and  was  technically  accurate. 


Summary 

A  preliminary  sketch  of  the  gunnery  officer’s  job,  a  more  spe¬ 
cific  job  analysis  of  the  duties  of  gunnery  officers  functioning  in 
the  8th  Air  Force,  and  the  considered  judgment  of  a  board  of 
four  combat  gunnery  experts  contributed  to  the  formulation  of ' 
the  initial  curriculum  described  in  this  section.  The  central 
problem  in  the  allocation  of  time  to  different  training  activities, 
was  the  maintenance  of  a  proper  balance  among  training  meth¬ 
ods,  gunnery  skill  and  knowledge,  and  administrative  procedures.- 
Further  work  related  to  the  training  of  gunners  included  the 
preparation  of  the  final  comprehensive  examination  and  of 
several  course  examinations.  .  ■  • 


SUMMARY  .. 

The  contributions  of  psychological  research  to  the  selection  and 
training  of  gunnery  officers  were  made  chiefly  in  the  initial  formu¬ 
lation  of  policies  and  procedures.  The  development  of  a 
preliminary  conception  of  the  gunnery  officer,  and  the  execu  ion 
of  a  survey  based  upon  systematic  interviews  and  firsthand  pb- 
servation  of  gunnery  officers  in  the  8th  Air  Force  Provided 
necessary  information  for  planning  of  training  and  seecton 
procedures.  This  work  was  particularly  useful  in  formulating 
the  curriculum.  Concurrently  with  the  planning  of  the  tra  mng 
program,  the  development  of  a  selection  test  was  carried  out,  so 
that  this  test  was  available  in  substantially  the  final  f^mbjr 
time  the  first  students  were  admitted  to  the  school.  All  of  tin 
work  was  done  with  full  recognition  of  the  urgent  need  for 

^Af ter  theTchool  for  gunnery  officers  had  begun  operation,  data 
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for  the  validation  of  the  selection  test  were  collected.  Evidence 
was  found  that  this  test  was  useful  for  reducing  the  proportion 
of  students  eliminated  from  the  school.  The  test  was  also  short, 
ened  and  made  more  convenient  to  use  on  the  basis  of  an  internal 
consistency  item  analysis.  Further  services  to  the  school  in* 
eluded  the  construction  of  a  final  comprehensive  examination, 
which  was  composed  of  items  believed  to  be  most  important  by 
the  school  authorities,  and  the  construction  of  several  course 
examinations.  .  ■  ■  . 


CHAPTER  FOURTEEN 

'  «  , 

Contributions  to  the  Development 
of  Flexible  Gunnery  Equipment, 
Theory,  and  Technique 

Capt.  Theodore  R.  Vallance  - 


Although  the  improvement  of  procedures  for  the  selection  and. 
training  of  gunners  was  the  primary  objective  of  psychological  re¬ 
search  in  gunnery,-  problems  associated  with  the  improvement  of 
gunnery  equipment,  theory,  and  technique  were  also  considered. 
Some  of  the  work  done  in  this  area  was  experimental ;  much  of 
the  work  way  advisory  in  nature  and  consisted  of  suggesting 
solutions  to  equipment  and  tactical  problems  on  the  basis  of  es¬ 
tablished  psychological  principles.  In  this  chapter,  some  of  the 
more  important  contributions  to  the  development  of  flexible  gun¬ 
nery  equipment,  theory,  and  technique  will  be  summarized. 

i  „ 

EQUIPMENT  PROBLEMS  '  1 


Introduction' 

It  is  unfortunate  that  the  very  vital  relationship  between  the 
gunner  and  the  equipment  he  used  was  largely  ignored,  insofar  as 
a  systematic  scientific  approach  wa3  concerned,  for  the  greater 
part  of  the  war.  Many  of  the  best  engineers  in  the  country  were 
busied  with  rush  orders  for  the  development  of  efficiently  operat¬ 
ing  gunnery  equipment — turrets,  sights,  guns — and,  considering 
the  backwardness  of  the  field  of  flexible  gunnery  at  the  start  of 
the  war,  turned  out  a  remarkable  job.  But  in  haste  to  get  equip¬ 
ment  into  the  combat  theaters,  the  problem  of  so  designing  the 
machines  that  they  would  be  easiest  for  the  gunner  to  operate 
was  not  given  mature  consideration.  The  following  statements' 
are  presented  in  support  of  this  contention. 

The  right  and  left  waist  guns  on  early  B--17  s  and  B-24  s  were 
so  placed  that  the  gunners. could  not  avoid  bumping  into  each 
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other  when  firing.  Vibration  virtually  precluded  accurate  sight, 
ing  with  N~6  and  other  fixed  sights  while  the  guns  were  firing. 
The  Sperry  computing  sights,  in  the  upper  turret,  demanded  that 
the  gunner  make  conflicting  manual  movements  while  tracking 
and  ranging  simultaneously,  and,  in  the  ball  turret,  to  make  pre. 
cise  ranging  adjustments  by  operating  a  pedal  with  his  heel 
The  slowly  floating  reticle  in  the  Sperry  computing  sighte,  mov¬ 
ing  across  the  viewing  glass  according  to  the  direction  and  rate  of 
tracking,  was  a  source  of  confusion  to  the  gunner.  The  peri- 
scopic  sight  in  the  A-26  provided  no  reference  points  by  which 
the -gunner  could  tell  which  direction  his  sight  was  pointing  and 
thus  determine  deflections.  Both  the  A-26  sight  and  the  top 
sighting  station  on  the  B-29  required  that  the  gunner  move  him¬ 
self  and  the  sight  in  azimuth  by  pushing  sideways  on  the  floor 
with  his  feet,  an  awkward  task.  The  arrangement  of  range  con¬ 
trols  on  the  B-29  pedestal  sight  assured  the  confounding  of  range 
with  elevation  inputs.  Gunners  in  combat  quickly  learned  that 
the  knurled  rim  of  the  range  control  on  this  sight  made  ranging 
difficult,  and  frequently  filed  the  knurls  off.  Additionally,  the 
fact  that  the  range  control  was  placed  on  the  right  wheel  of  the 
pedestal  sight  and  on  the  left  handle  of  the  ringsight  of  the  B-29 
suggested  a  general  lack  of  consistency  in  approach  to  the  design 
of  thp  B-29’s  sighting  equipment  :r, 

By  early  1944  gunnery  officials  in  Headquarters,  Army  Air 
Forces,  had  been  made  sufficiently  aware  of  the  importance  of  the 
problem  of  gunner-equipment  relationships  to  request  the  Na¬ 
tional  Defense  Research  Committee  to  establish'  a  project  for  the . 
specific  purpose  of  evaluating  existing  B-29  and  other  types  of 
sighting  equipment,  and  designing,  testing,  and  recommending 
improvements  as  appeared  necessary.  A  separate  organization 
directed  and  operated  entirely  by  civilian  personnel  working 
under  university  contracts  was  decided  upon  for  two  reasons. 
First,  the  available  facilities  of  psychological  personnel  of  the 
Central  School’s  Research  Division  had  already  been  committed 
to  a  program  of  developing  gunnery  proficiency  measures,  and 
evaluating  and  improving  existing  training  devices,  and  pro¬ 
cedures.  Second,  greater  ease  and  freedom  in  the  procurement 
of  specialized  machinery  and  sighting  equipment  was  assured  the 
civilian  group  through  detailed  administrative  agreements  be¬ 
tween  National  Defense  Research  Committee,  Headquarters, 
Army  Air  Forces,  and  the  War  Production  Board.1  Below  are 
summarized  other  studies  which  were  made  by  personnel  of  the 
Research  Division.  • 


*  The  mult*  of  iht*  work  are  roported  In  publications  undor  the  genera!  heading** 
Applied  Psychology  Panel,  NDRC,  Project  AC-Od :  Psychological  Factors  In  the  OperalJo* 
of  Flexible  Gunnery  Equipment. 


An  Investigation  of  Some  Perceptual  Problems  in  Sighting 
From  an  earlier  study  of  the  Reflectone  Range  Estimation 
Trainer  (reported  in  chapter  9)  it  will  be  recalled  that  even  after 
considerable  practice  in  adjusting  the  model  plane  to  a  range 
simulating  600  yards,  an  average  sighting  error  of  about  30 
yards  was  consistently  made  by  a  large  group  of  subjects.  The 
errors  appeared  to  be  constant,  with  the  tendency  being  in  the 
direction  of  stopping  the  plane  too  far  away  from  the  desired 
standard.  Of  the  500  judgments  made  by  5  subjects  in  another 
experiment,  489  were  wrong  in  the  direction  of  overestimating  the 
range  of  the  approaching  plane.  This  consistency  in  overestimat¬ 
ing  range  suggested  the  possibility  of  an  illusion  operating  in  the 
sighting  situation.  The  illusion  may  best  be  presented  diagram- 
matically.  Referring  to  figure  14.1,  assume  that  the  student’s 
task  was  to  adjust  the  plane  so  that  for  him  AB=BC.  Because 
of  the  curvature  of  the  reticle  at  point  C,  it  seemed  likely  that  AB 
would  seem  longer  than  BC  even  when  the  two  were  actually 
equal.  The  illusory  possibility  is  seen  more  clearly  in  figure  14.2, 
which  begins  to  resemble  the  well-known  Muller-Lyer  illusion. 
Therefore,  to  make  AB  subjectively  equal  to  BC,  the  subject 
might  tend  subjectively  to  shorten  AB,  which  would  be  indicated 
by  consistency  in  stopping  the  plane  at  a  greater-than-standard 
range,  where  the  wingspan  would  appear  shorter  than  the  true' 
distance  AB. 

Experimental  investigations. — To  investigate  the  effect  of  a 
possible  illusion,  a  pair  of  experiments  were  conducted  to  test  the 
hypothesis  that  visual  perception  in  the  context  studied  was  af¬ 
fected  by  an  illusion  factor  induced  by  the  specific  design  of  the 
ring  sight,  to  compare  the  relative  efficiency  of  iron  and  optical 
sights,  and  to  study  the  value  of  a  guide  as  an  aid  in ’effecting 
specific  judgments.*  '  ■ 

The  Reflectone  Range  Estimation  Trainer  was  used  to  allow 
each  of  12  subjects  to  make  300  attempts  in  3  equal  sessions  in  a 
single  day  to  set  the  moving  plane  model  at  a  standard  range  of 
640  yards,  using  for  each  group  of  100  judgments  a  different 
sight  design  as  shown  in  figure  14.3.  For  the  model  pla^e  used, 
setting  it  so  as  to  fill  exactly  one-half  the  radius  of  the  reticle  was 
equivalent  to,  a  simulated  setting  of  640  yards.  The-  order  <>i 
practice  with  the  sights  was  counter-balanced  among  the  subjects, 
and  the  initial  position  of  the  plane  from  which  the  subject  was 
to  adjust  it  to  a  range  of  640  yards  was  randomly  distributed  be¬ 
tween  positions  beyond,  and  positions  closer  to  the  subject  than 
the  standard  range,  l'  ibjects  were  instructed  to  set  the  plane  so 


•This  Investigation  ■was  designed,  conducted,  and  reported  by  Lt,  George  Wtschner. 


that  it  filled  exactly  one-half  the  radius  of  the  A  and  B  sights,  and 
so  that  it  exactly  equaled  the  length  of  the  guide  in  sight  C.  Sub¬ 
jects  were  encouraged  to  take  as  much  time  as  desired  for  each 
judgment 

Separate  experiments  were  conducted  with  iron  and  optical 
sights.  The  procedure  was  the  same  in  both  experiments,  al¬ 
though  it  was  unfortunate  that  the  subjects  were  not  from  the 
game  sample.  Those  for  the  iron  sight  experiment  were  graduate 
gunners  awaiting  shipment,  and  those  for  the  optical  sight  experi¬ 
ment  were  newly  arrived  students,  awaiting  entry  into  school. 
In  both  experiments  the  same  sight  designs  were  used  with  the 
exception  that  the  optical  sight  did  not  have  the  small  ring  at  the 
cross  hairs.  *  '  . 

The  results  of  the  experiment  with  the  iron  Sights  seemed  to 
verify  the  illusion  hypothesis.  Of  the  12  subjects,  8  showed 
smaller  constant  errors  with  design  B  than  with,  design  A,  and 
the  differences  for  6  of  these  8  had  critical  ratios  greater  than 
7.0,  Of  the  4  subjects  performing  better  with. design  A,  3  per¬ 
formed  better  with  statistical  significance,  though  the  critical 
ratios  were  not  reported.  .  '  v 

Data  for  the  optical  sight  experiment  were  similar  to  those  for  v 
the  iron  sight  experiment.  Eight  of  the  subjects  showed  better 
performance  with  design  B  than  with  design  A,  and  the  differ¬ 
ences  for  seven  of  these  eight  were  significant,  with  critical  ratios 
exceeding  4.0 ;  the  eighth  had  a  critical  ratio  of  2.52.  Only  two 
of  the  four  cases  favoring  design  A  showed  significant  differences 
in  favor  of  that  sight.  The  results  for  all  subjects  taken  together 
are  summarized  in  table  14.1. 

Table  14.1.— Comparison  of  X  designs  of  sight  reticles  for  optical  and  iron 
sight:  Means  of  ranges  estimated  to  he  640  yards  and  significance  of  dif¬ 
ferences  between  means  of  100  estimates  by  ca-h  of  IX  subjects  for  each 
combination  of  sight  and  design  (Buckingham,  fourth  quarter,  1943)  % 
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Iron  eight 
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0.11  J 


{  730.91  I 
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703.62  J 


•Difference  would  occur  by  chance  bctwwn  «  an*l°  A113? m? '10°' 

•Difference  would  occur  by  chance  less  than  6  times  la  loo. 

The  fact  that  the  errors  in  estimating  range  were  greater  for 
both  designs  A  and  B  in  the  iron  sights  than  in  the  optical  sights 
suggested  the  additional  possibility  of  the  operation  of  a  size 
constancy  phenomenon.  In  the  task  of  estimating  the.  range  of 
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the  model  plane,  all  movements  were  horizontal.  In  the  case  of 
the  optical  sight,  which  worked  on  the  collimating  principle,  the 
reticle  was  composed  of  parallel  light'  rays,  which  made  the  air. 
plane  and  the  reticle  appear  to  be  in  the  same  vertical  plane,  in 
the  case  of  the  iron  sight,  the  sight  and  the  airplane  were  clearly 
at  all  times  in  different  vertical  planes,  with  the  sight  being  in  a 
plane  only  a  few  inches  away  and  the  airplane  in  another  plane 
at  a  considerable  distance.  Knowing  the  airplane  to  be  of  a  given 
size,  and  having  considerably  more  objects  close-by  in  the  visual 
field  with  which  to  compare  the  apparent  size  of  the  airplane, 
observers  using  the  iron  right  sight  might  very  well  have  tended 
to  perceive  the  approaching  plane  to  have  reached  a  given  appar¬ 
ent  size  earlier  than  would  observers  using  the  optical  sight,  who 
had  few  if  any  objects  close  to  the  eyes  by  which  to  judge  the  dis¬ 
tance  of  the  approaching  airplane.  The  supporting  data  are 
given  in  table  14.2. 

To  those  who  have  seen  both  the  optical  and  the  iron  sights  the 
superiority  of  the  optical  sights  will  not  seem  surprising.-  The 
iron  siff.it  was  a  rather  grossly  constructed  device,  having  lines 
sufficiently  thick  to  obscure  the  wingtips  of  an  approaching  plane, 
and  thus  make  for  error  in  estimating  its  range.  The  optical 
sight,  on  the  other  hand,  could  be  made  with  fairly  fine  lines.  Also, 
the  optical  sight  did  not  require  that  the  gunner’s  eye  be  kept  at  a 
constant  distance  from  it  in  order  to  estimate  range  accurately, 
as  did  the  iron  sight.  ... 

On  design  C,  the  data  were  not  fully  reported,'  but  the  project 
report  concluded  that  the  guide  did  not  prove  an  effective  aid  in 
making  the  proper  settings  of  range,  though  a  few  of  the  subjects 
did  appear  to' make  good  use  of  it. 

Table  14.2. — Comparison  of  three  designs  of  iron  and  optical  sights:  Meant 
and  standard  errors  of  means  estimated  to  be  640  yards;  t  values  of  dif¬ 
ferences  between  means  of  100  estimates  by  each  of  21  subjects  for  eaek 
cotnbination  of  sight  and  design  (Buckingham,  fourth  quarter,  1943) 
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*  Difference  -would  occur  by  chance  less  than  1  time  In  100. 

*  Difference  would  occur  by  chance  too  frequently  to  be  attributed  to  difference  In  consti’*** 

lion  of  alghta.  \ 

Sighting  Accuracy  as  Influenced  by  Eye  Dominance 
The  evaluation  of  training  devices  was  routinely  directed  by 
higher  headquarters  (ch.  9).  In  at  least  one  instance  the  Pay*. 
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chological  Unit  was  directed  to  conduct  experimental  tests  of 
equipment  being  considered  for  possible  operational  use. 

Reference  is  made  to  a  special  three-handled  grip  for  hand¬ 
held  guns  such  as  were  commonly  used  in  waist  positions  of  heavy 
bombers.  This  grip  included  a  third  handle  directly  in  line  with 
the  bore  of  the  gun,  and  situated  slightly  to  the  rear  of  the  other 
two  standard  handles.  It  was  assumed  that  gunners  with  right 
Qye-domin ance  would  find  the  alignment  of  the  sights  and  the 
right  eye  facilitated  by  controlling  the  gun  with  the  right  hand 
on  the  center  handle,  and  that  gunners  with  left  eye-dominance 
would  align  the  left  eye  and  the  sights  easier  with  the  left  hand 
gripping  the  center  handle.  . 

To  measure  the  effectiveness  of  this  adaptation  of  the  “spade 
grip,"  as  the  handle  unit  for  free  swinging  guns  was  called,  an 
experiment  was  conducted  using  10  gunnery  students,  eVenly 
divided  as  to  eye-dominance.3  Dominance  was  determined  by 
having  the  subject  sight  with  a  vertically  held  pencil  on  a  distant 
object  and  then  asking  him  to  close  his  right  eye;  if  the  right 
image  of  the  pencil  remained  in  line  with  the  object  sighted  upon, 
left  eye-dominance  was  indicated,  and  if  neither  image  appeared 
to  remain  aligned  with  the  object,  right  eye-dominance  was  indi¬ 
cated.  The  test  was  repeated  with  the  subject  closing  the  left 
eye;  the  left  image  of  the  pencil  remaining  aligned  with  the  object 
sighted  upon  indicated  right  eye-dominance.  The  test  was  given 
twice  for  each  eye;  if  the  test  results  agreed  with  the  subject's 
own  opinion  as  to  his  eye-dominance,  he  was  selected  for  the  ex¬ 
periment  All  subjects  were  appraised  in  advance  of  the  purpose  ■ 
of  the  experiment  •  - 

In  a  firing  order  counter-balanced  to  control  the  effects  of  skill 
and  the  mounting  of  the  gun,  each  subject  fired  200  rounds  using; 
the  standard  grip  and  200  rounds  using  the  three-handled  grip. 
Right-eyed  subjects  always  sighter  with  the  right  eye  and  used 
the  special  grip  according  to  the  recommendation,  and  left-eyed 
subjects  sighted  with  the  left  eye  and  operated  the  gun  with  the 
left  hand  on  the  center  handle.  A  moving  target  range  was  used 
for  firing,  with  all  firing  being  done  at  a’ range  of  200  yards;  new 
barrels  were  used  throughout.  The  targets  were  carefully  scored 
by  project  personnel.  ✓ 

The  data  comparing  the  two  types  of  grip  are  summarized  in 
table  14.3. 

It  is  seen  that  no  difference  in  scores  resulted  from  the  use  of 
the  different  spade  grips.  These  findings  were  reported  to  higher 


*Tbe  Project  Offleor  for  tils  experiment  was  Capt.  Theodore  R.  VaJlanco,  assisted  by  Lt. 


Tabus  H.3, — Companion  of  conventional  and  S-handled  tpade  grip:  j/<aH 
number  of  hit»  out  of  200  round t  fired,  standard  deviations,  and  difference 3 
and  significance  of  differences  between  means  (Buckingham,  fourth  quar. 
ter,  lSZij 
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headquarters,  and  no  further  developmental  work  was  done  to 
develop  the  special  grip. 


The  Influence  of  Counter-Balanced  Gun  Cameras  on  Sighting 

Accuracy 

The  sighting  stations  of  the  B-29  were  not  originally  designed 
to  accommodate  a  gun  camera,  either  for  training  or  operational 
use.  As  a  part  of  the  training  program  it  was  considered  neces* 
sary  to  use  gun  cameras,  and  it  was  later  decided  to  include  gun 
cameras  in  operational  missions  since  it  was  possible  to  photo- 
graph  gunner's  combat  sighting  without  danger  of  vibration 
obscuring  the  results.  The  B-29  sighting  stations  were  very 
well  counter-balanced  for  ease  of  operation,  and  the  addition  of  a 
camera  weighing  nearly  5  ponds  would  have  meant  a  considerable 
change  in  the  gunner’s  task  unless  the  additional  weight  were 
effectively  counter-balanced.  When  the  use  of  gun  cameras  with 
B-29  sights  was  first  considered,  the  design  of  proper  counter¬ 
balances  was  urged  by  the  psychologists  and  finally  effected.  It 
was  immediately  obvious  that  the  difference  in  "feel”  between 
the  counter-balanced  and  the  noncounter-balanced  sight  after  the 
camera  was  mounted  was  very  great,  and  that  the  difference  be¬ 
tween  the  normal  sight  and  the  counter-balanced  sights  was  very 
smail.  No  experimental  comparison  of  the  counter-balanced 
sight  and  non-counterbalanced  sight  with  gun  camera  attached 
was  attempted.  However,  in  the  event  that  the  use  of  a  counter¬ 
balanced  gun  camera  might  possibly  disturb  the  gunnery  in  com¬ 
bat,  an  experiment  was  conducted  to  compare  performance  on  a 
normal  sight  with  performance  on  a  sight  having  a  counter-, 
balanced  gun  camera  attached. 

The  device  used  for  the  test  was  known  as  the  Hobson-Strnad 
Trainer,  originally  created  by  two  enlisted  men  at  Buckingham, 
and  improved  upon  considerably  by  personnel  of  the  NDRC 
Project  at  Laredo  (see  p.  50).  Through  a  system  of  balanced 
potentiometers  and  selsyn  follow-up  circvits  it  was  possible  to 
measure  with  fair  accuracy  the  ability  of  :ie  gunner  to  track  and 


‘Tho  project  personnel  were  Capt.  Tlvjodore  R.  ValJanu  and  B/Sgt  Burton  R.  Wollo. 
Tho  report  waa  written  by  MaJ.  John  V.  McQultty.  v 


frame  (range)  the  simulated  target  airplane  of  the  trainer  ao  it 
moved  about  the  gunner  in  cam-controlled  paths  similar  to  pursuit 
attacks. 

Twenty-seven  gunners  who  had  been  thoroughly  trained  in 
B-29  pedestal  sight  manipulation  were  given  12  trials  of  6  attacks 
each,  1  trial  per  day,  alternating  between  morning  and  afternoon 
sessions,  and  between  conditions  of  (a)  normal  sight  and  (b)  the 
same  sight  with  a  counter-balanced  gun  camera  attached.  On 
the  average,  each  gunner  tracked  and  framed  for  5  minutes  dur-. 
ing  each  trial,  thus  receiving  a  total  of  60  minutes  practice 
equally  divided  between  camera  and  no  camera.  Performance 
was  recorded  on  polygraphs  and  scores  were  expressed  as  percent 
of  total  time  on  target;  to  be  on  target  the  gunner  had  to  be 
tracking  in  azimuth  within  a  tolerance  of  6  mils,  tracking  in  eleva¬ 
tion  within  a  tolerance  of  8  mils,  and  framing  within  a  tolerance 

of  8  mils.  ■ 

The  results  of  the  experiment  are  summarized  in  table  14.4  and 

Table  14.4. — Average  percent  of  time  on  target  for  27  subjects  on  the  Hob - 
8on-Stmad  Trainer  with  and  without  counter-balanced  gun  camera  (La¬ 
redo,  third  quarter,  1945) 
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show  that  only  very  slight  differences  were  obtained  between  the 
two  conditions,  and  that  not  all  of  these  were  statistically  signifi¬ 
cant.  It  was  concluded  that,  in  so  far  as  the  trainer  on  which  the 
experiment  was  run  simulated  the  sighting  problem  of  the  B— 29 
gunner,  the  use  of  a  counter-balanced  gun  camera  did  not  notice¬ 
ably  interfere  with  sighting  accuracy.  From  a  logical  point  of 
view,  the  scarcely  perceptible  difference  in  “feel’  between  the 
normal  sight  and  one  with  a  counter-balanced  gun  camera  attached 
should  not  be  expected  to  produce  a  marked  change  in  the  gunner  s 
ability  to  use  the  camera-equipped  sight.  • .  . 

PROBLEMS  OF  THEORY  AND  TECHNIQUE 

Position  Firing  .  « 

By  the  end  of  1942  the  inadequacies  in  the  sighting  system 
which  flexible  gunners  were  using  in  combat  and  which  was  being 
taught  them  in  this  country  were  well  known  both  m  the  States 
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and  overseas.  The  existing  system  was  generally  recognized  a8 
theoretically  unsound  and  practically  unteachable.  Mathema- 
ticians  of  the  Operational  Analysis  Section  of  the  9th  Air  Force 
developed  a  system  of  sighting  which  required  that  the  gunner  , 
apply  given  amounts  of  deflection  according  to  the  apparent  angle 
of  the  fighter  plane  off  the  beam  of  the  bomber.  A  fighter  pilot  • 
had  to  fly  a  mathematically  determinable  course  in  order  to  get  ! 
hits  on  a  bomber;  it  was  therefore  possible  to  predict  where  the 
fighter  would  be  at  any  given  time  during  his  attack,  and  thus  to 
aim  the  defensive  armament  of  the  bomber  accordingly.  The  ‘ 
RAF  made  use  of  a  similarly  based  system,  called  the  Zone  Sys¬ 
tem,  with  which  members  of  the  8th  Air  Force  Operational 
Analysis  Section  came  in  contact.  Mathematicians  in  this  coun¬ 
try  were  simultaneously  busy  on  the  problem.  The  efforts  of 
these  groups  resulted  in  a  new  system  of  sighting,  known  as  Posi¬ 
tion  Firing,  which  was  later  adopted  by  the  Army  Air  Forces  as 
the  official  bomber  defensive  fire  doctrine  for  use  with  non- 
comput>ng  and  noncompensating  sights.* 

.  In  cooperation  with  representatives  of  the  Navy,  the  8th  and 
9th  Air  Forces,  and  the  National  Defense  Research  Committee,  ' 
the  Psychological  Research  Detachment  (Gunnery)  participated 
in  the  following  activities :  (a)  establishment  of  the  objectives  of 
teaching  Position  Firing  and  recommendation  of  a  tentative  cur-  , 
riculum,  including  modifications  of  ranges  and  trainers  to  simu-  . 
late  as  closely  as  practicable  the.  Position  Firing  problem,  (b)  * 
establishment  and  observation  of  an  experimental  curriculum  at 
two  flexible  gunnery  schools,  and  (c)  the  writing  of  a  simple 
description  of  the  mathematical  concepts  in  the  Position  Firing  - 
system  as  a  means  of  familiarizing  gunnery  officers  and  instruc¬ 
tors  with  the  new  method.  This  description  of  Position  Firing 
was  published  by  the  Instructors  School  as  a  booklet:  “Position 
Firing — Facts  and  Figures.” 

The  development  of  Position  Firing  contained  an  example  of 
the  application  of  judgment  of  a  professional  nature  without  the 
comforting  recourse  to  specific  experimental  data.  When  the 
question  of  how  to  conduct  training  in  Position  Firing,  arose,  the 
problem  of  how  to  teach  the  basic  concept  of  the  “angle  off”  to 
gunners  needed  a  quick  answer.  Because  the  amount  of  deflec¬ 
tion  required  depended  on  the  apparent  angle  between  the  line 
from  gunner’s  eye  to  target  and  the  path  of  the  bomber’s  flight, 
it  was  at  first  planned  to  teach  in  terms  of  “90  degrees  off,  coply 
3  rads;  45  degrees  off,  2  rads;  22 Yz  degrees  off,  1  rad;  IV/4,  So*, 
grees  off,  V2  rad;  and  for  0  degrees  off,  fire  point-blank.”  This 
proposal  appeared  to  require  that  gunners  first  fie  taught  what  a 

*  Si»  Cb.  2  (or  a  mom  detailed  discussion  ot  the  .{unner’s  sighting  problem. 
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degree  was,  and  what  angles  with  various  numbers  of  degrees 
looked  like  before  any  effective  instruction  irs  sighting  could  be 
done.  The  alternative  that  was  suggested  by  the  Psychological 
Unit  and  subsequently  adopted  was  to  teach  not  in  terms  of  de¬ 
grees,  but  of  apparent  position,  i.e.,  “straight  out,  apply  3  rads; 
half  way  back,  apply  2  rads;  %  of  way  back,  apply  1  rad;  almost 
all  the  way  back,  apply  rad;  gradually  decrease  deflections 
from  maximum  to  minimum  along  the  line  of  apparent  motion.” 
No  ‘difficulty  was  ever  reported  in  describing  the  sighting  situation 
in  these  simple  terms. 


Opening  Range  1 

Another  situation  in  which  psychologists  provided  a  practical 
answer  to  an  important  question,  was  the  matter  of  determining 
at  what  range  the  forward  gunner  of  a  B-29  should  open  Are  at 
nose,  or  head-on,  attacks.  The  opening  range  doctrine  originally 
in  effect  did  not  seem  to  allow  for  the  reaction  time  required  by. 
the  gunner  to  judge  the  opening  range  and  press  his  trigger.  . 
Considering  that  the  distance  between  the  fighter  and  the  B-29 
was  decreasing  at  a  rate  frequently  as  high  as  750  miles  per  hour,  . 
it  was  recommended  that  the  range  for  opening  fire  be  extended 
to  allow*  for  the  gunner’s  reaction  time  in  order  that  the  gpns , 
might  be  firing  through  the  entire  period  during  which  the  target 
plane  wv  within  the  effective  range  of  the  B-29’s  armament.  A 
few  additional  bullets  in  the  right  place  could  very  well  spell  the 
difference  between  death  for  the  fighter  pilot  or  for  the  bomber 

crew.  -«  '  •  ■  ■  •  .  1 
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Technique  in  Using  Iron  Ring-And-Post  Sight* 

The  earliest  sights  used  in  flexible  gunnery  were  called  iron 
ring-and-post  sights,  consisting  of' a  post,  mounted  near  the 
muzzle  end  of  the  barrel,  which  the  gunner  lined  upwith  thp  cen¬ 
ter  of  a  ring  containing  cross-hairs  mounted  about  30  inches  to 
the  rear,  near  the  breech.  The  original  sighting  procedure  re--  • 
quired  the  gunner  to  keep  the  center  of  the  ring  m  line  with  tne 
top  of  the  post  and,  according  to  the  amount  of  deflection  he  was 
laying  off,  keep  the  image  of  the  target  plane  a  given,  distance 
from  the  center  of  the  ring.  In  order  to  keep  the  mathematics  of 
the  method  sound,  it  was  necessary  for  the  gunner  s  eye  to  remain 
at  a  constant  distance  from  the  ring.  This  was  called  the  eye-base 
method.  From  several  sources  came  a  proposal  that  a  method 
be  adopted  wherein  the  gunner  would  keep  the  bead  (top  of  he 
post)  fixed  on  the  target,  and  adjust  the  alignment  of  the  gun  to 
that  the  bead  and  target  were  repositioned  to  one  side  or  the 
center  of  the  ring,  according  to  the  amount  of  ueflection  desired. 
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This  was  called  the  sight-base  method,  and  had  the  advantage  of 
not  requiring  the  gunner  to  maintain  his  eye  a  constant  distance 
from  the  ring.  Figure  14.4  presents  the  two  methods  dia- 
grammatically. 

A  brief  experiment8  was  conducted  to  compare  the  two  meth¬ 
ods.  A  sighting  bar,  simulating  a  machine  gun  equipped  with 
sights,  was  set  up  25  feet  from  a  fixed  target  in  the  laboratory. 
Using  the  eye-base  method  and  the  sight-base  method  in  a  pre¬ 
determined  order,  each  of  6  subjects  made  10  estimates  of  each  of 
3  deflections  (Yz  rad,  1  rad,  and  lYz  rads)  by  aligning  the  sight 
and  the  target  with  the  indicated  deflection  set  off.  A  total  of 
120  estimates  were  made  with  each  sighting  system.  The  dis-  . 
tance  from  the  estimated  point  of  aim  to  the  correct  point  of  aim 
was  measured  after  each  estimate.  The  results  are  given  in  table 


Table  14.5 .-Eye-bate  vo.  sight-base  system  for  using  iron  ring-and-post 
sights:  Average  error  in  inches  for  10  estimates  by  each  of  6  subjects  of 
deficiencies  of  bit,  1  and  IVi  rads  (Buckingham,  fourth  quarter,  19+3) 


14.5.  The  difference  obtained  in  every  case  favored  the  newer 
procedure,  but  no  test  of  the  significance  of  the  differences  was  - 
reported.  The  Psychological  Unit  recommended  the  adoption  of 
the  sight'  base  method,  however,  because,  in  addition  to  these 
scant  data  favoring  it,  the  possibility  of  the  sight-base  method-, 
being  much  less  subject  to  error  in  the  confusion  of  combat  ap¬ 
peared  to  experienced  gunnery  officers  to  be  very  great,  whereas 
the  eye-base  bethod  appeared  to  be  a  much  less  stable  one.  .  ,, 

Technique  in  Using  Compensating  Sights  for  Support  Fire 

The  development  of  procedures  for  the  use  of  compensating 
sights  became  a  critical  need  during  the  last  months  of  the  war  in 
Europe.  While  compensating  sights,  which  mechanized  the  rules 
of  Position  Firing,  were  quite  adequate  against  attacks  being 
made  on  the  gunner’s  own  bomber,  the  very  nature  of  a  fighter 
attack  made  difficult  the  problem  of  lending  support  to  a  neigh¬ 
boring  bomber  under  attack.  Of  course,  computing  sights,,  if 
efficiently  operated,  would  compute  proper  deflections  for,  firing 
at  fighters  attacking  another  bomber,  but  the  .gun  positions 
equipped  with  compensating  sights  could  not  effectively  aid  other 

•  This  experiment  w*3  conducted  by  Lt.  Qt-orje  Wlschner. 


bombers  if  used  in  the  standard  manner.  This  meant  that,  for  all 
practical  purposes,  the  six  guns  equipped  with  compensating 
sights  in  most  heavy  bombardment  planes  were  of  no  value  to  any 
but  the  plane  carrying  them. 

Rules  for  support  fire  deflection,— To  increase  the  versatility  of 
compensating  sights,  mathematicians  calculated  the  amount  of 
deflection  that  would  be  necessary  to  score  hits  on  fighters  attack- 
ing  other  planes  in  the  gunner’s  formation  and  produced  a  set  of 
rules  for  applying  deflection  using  compensating  sights.  The 
application  of  these  rules  required  that  the  gunner  estimate  what 
came  to  be  called' the  "aspect  angle”  of  the  attacking  plane.  The 
aspect  angle  was  defined  as  the  angle  between  the  line  from  gun¬ 
ner  to  target  and  the  line  extending  through  the  longitudinal  axis 
of  the  target  aircraft  Knowing  this  angle,  it  was  possible  to  set 
the  compensating  sight  for  100  percent  of  own  speed  compensa¬ 
tion,  then  supply  additional  deflections  according  to  aspect  angles 
as  follows: 


Atpect  a*gU 
in  degr*4* 

0 _ 

5 _ 

10 _ 

15__ _ 

20_-_ _ 

25^ _ 

30 _ 


Lead  ({»  35 
mil  rad*) 

-.0.0 

_ 0.5 

_ 1.0  \ 

—  1.6 
—  2.0  ‘ 
—2.5 
—3.0 


Reliability  of  proposed  support  fire  procedures. — Position  Rr= 
ing  required  relatively  simple  judgments  of  fighter  position  with 
reference  to  the  gunner’s  plane,  but  the  judgment  of  aspect  angle 
presented  a  new  problem  of  probably  great,  though  unknown, 
difficulty.  The  who's  problem  of  adequate  support  fire  rested  on 
the  ability  of  the  gunner  to  judge  these  crucial  aspect  angles.  ' 
Accordingly,  two  experiments  were  conducted  to  measure  the 
ability  of  gunners  to  make  these  judgments.  '  * 

Procedure:  I.  Recognition  of  simulated  aspect  angles. — The 
first  experiment  involved  the  judgment  in  the  laboratory  of  the 
apparent  aspect  angle  of  a  model  fighter  set  at  a  simulated  range 
of  400  yards  from  the  viewers.7  The  apparatus  used  was  a  modi¬ 
fied  Reflectone  Range  Estimation  Trainer ;  the  aspect  angle  could 
be  varied  from  0  to  30  degrees  in  increments  of  5  degrees ;  the 
apparent  direction  of  the  model  plane  could  be  varied  in  eight 
positions  45  degrees  apart;  the  roll  could  be  set  at  level  or  30 
degrees  either  right  or  left;  and  the  length  of  exposure  of  the 
plane  to  the  subject  was  limited  to  one  second.  The  eight  grad-  • 

uate  gunners  who  served  as  subjects  in  the  experiment  were  given 

_ _  *  } 

\ Tilts  experiment  vu  conducted  by  Lt.  Eaten  W.  Hay,  with  the  asaUUnc*  ot  Sgt  Al**' 
ander  N.  Levine. 


a  thorough  orientation  in  the  problem  and  several  hours  of  instruc¬ 
tion  in  its  significance.  They  were  taught  to  refer  to  each  plane 
aspect  in  terms  of  “rad-aspects,"  i.e.,  one-rad  aspect,  two-rad 
aspect,  etc.  Training  on  the  apparatus  consisted  of  allowing  each 
subject  to  make  147  judgments  in  each  of  20  trials  over  a  period  . 
of  11  days.  The  first  and  last  trials  were  considered  test  trials  on 
which  no  knowledge  of  results  was  given  after  each  judgment, 
as  in  the  other  18  trials.  The  trials  were  given  in  the  morning 
and  afternoon  of  each  of  9  days.  Each  trial  presented  the  plane 
in  all  combinations  of  pitch,  aspect  angle,  and  roll  an  equal  num¬ 
ber  of  times,  so  that  the  influence  of  each  position  on  the  accuracy 
of  judging  could  be  determined.  After  each  exposure  the  subject 
called  out  his  judgment  of  whether  the  plane  appeared  to  be  in  0,  ‘ 
1>  Wit  2,  Wit  or  3  rad  aspects.  - 


Tabl»  14.6. — Learning  to  judge  aspect  angles  in  the  laboratory:  Mean  percent 
correct  judgments  by  trial.  Each  trial  bated  on  H7  judgments  by  each  of 
S  subjects  (Laredo,,  third  quarter,  19 U) 


•  1  Kcowledl*of  remits  not  provided  on  preteet  and  poatUat.  ( 


Results:  /.—Table  14.6  shows  the  progress  of  the  group  from 
trial  to  trial,  in  terms  of  the  average  percent  of  correct  judg¬ 
ments,  and  table  14.7  shows  the. average  percent  of  judgment 
that  were  correct  to  within  half  a  rad.  It  is  clear  that  learning 
under  the  conditions  of  the  experiment  was  rapid  and  that  very 
few  large /errors  in  judgments  occurred  after  the  first  few  trials. 
It  will  be  noted  (trial  0)  that,  even  after  a  purely  verbal  contact 
with  the  problem,  the  average  subject  was  able  to  make  about  44 


percent  correct  judgments.  '  .... 

The  results  for  trials  1-14,  prior  to  the  attainment  of  maximum 
skill,  also  showed  (table  14.8)  that  as  the  size  of  the  aspect  angle 
increased,  the  tendency  to  err  in  judging  it  increased  also. 
Analysis  of  variance  revealed  an  F  ratio  of  7.18  between  ange 
variance  and  error  variance  with  a  ratio  of  3.05  required  for  s  g- 
nificance  at  the  1  percent  level.  The  apparent  exception  tp 
trend  in  table  14.8  (the  increased  average  percent 
ments  for  30°  angles)  is  probably  due  to  the  fact  that  e -or 
were  possible  in  only  one  direction. 
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The  apparent  vertical  direction  of  the  fighter’s  line  of  motion 
with  relation  to  the  gunner,  i.e.,  upward,  level,  or  downward 
appeared  to  influence  the  accuracy  of  judgment  of  the  aspect 
angle.  An  analysis  of  variance  for  data  on  inclination  of  flight 
presented,  in  table  14.9  produced  an  P-ratio  of  6.04  between  posi. 


Table  14.7. — Learning  to  judge  aspect  angles  in  the  laboratory:  Mean  percent 
of  judgments  correct  to  within  half  a  rad.  Each  trial  based  on  H7  judo, 
ments  by  each  of  8  subjects  (N—8,  Laredo,  third  quarter,  1844) 


Trials* 

Psrcsnt  eorr  set 
judgtnsnt* 
(wllhln  ±.5  rads) 

Trials 

Psrcsnt  corr«t 
(wlih?n±JSna») 

O'fpretaat)  \ 

85.4 

11  —  _  _ 

9M 

98.9 

99.3 

99.5 

99,2 

93.3 

12  - 

95.9 

in _  . 

98.T 

is _  _  . 

4  '  ' 

9G.5 

is _ _  ... 

K 

96.9 

97.9 

17 . 

98.9 

1* _ -  - .  ..  . 

9M 

H 

98.0 

O'V 

98.3 

20  (po«U«*t)..  -  . 

QIA 

10 

99.0 

i 

*  Knowltdjs  of  remit*  not  provided  on  pretest  and  posttest. 


Table  14.8. — Mean  percent  of  correct  judgments  of  aspect  angles  under  labo¬ 
ratory  conditions  according  to  size  of  the  angle  baaed  on  2,940  judgments 
by  each  of  8  subjects  (Laredo,  third  quarter ,  1944) 


Average  percent 

Angle  Correct 


6* - 81.7 

10* - 1 _ _• _ 72.8 

16* _ 61.8 

20* _ 56.2 

26* _ _ _ •_ _ 66.6 

30* _ 67.8 


Table  14.9. — Mean  percent  of  corr'ct  judgments  of  aspect  angles  under  labo¬ 
ratory  conditions  according  to  inclination  of  flight  and  position  of  roll  based 
on  2940  judgments  by  each,  of  3-  subjects  (Laredo,  third  quarter,  1944) 


■  ,  Average  percent , 

Positions  correct 


Position  of  roll: 

Level _ 67.8 

Upward-, _ 67.2 

Downward _ 63.4 

Inclination  of  flight: 

Wings  level _ i _ 65.6 

.  Right  wing  up _ 67.6 

Left  wing  up _ 86.4 


tion  variance  and  error  variance;  a  ratio  of  4.68  was  required  for 
significance  at  the  1  percent  level.  The  data  used  were  for  ti\ils 
1-14,  prior  to  attainment  of  top  level  of  skill.  Further  analyse 
revealed  the  difference  in  variance  to  be  due  to  the  downward 
position  alone.  Apparently  the  aspect  angles  of  planes  which 
presented  the  gunner  a  top  view  were  most  difficult  to  judge. 
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The  effect  of  roll,  whether  right,  left,  or  none,  did  not  appear 
to  influence  the  percent  of  comet  judgments  made,  as  shown  in 
table  14.9;  the  data  include  only  trials  1  through  14,  prior  to 
attainment  of  top  level  of  skill.  Analysis  of  variance  revealed  an 
F  ratio  between  roll  variance  and  error  variance  of  1.29 ;  a  ratio 
of  3.03  was  required  for  significance  at  the  5  percent  level. 

Conclusions:  I.  Simulated  aspect  angles  could  be  recognized. — 
This  experiment  suggested  strongly  that  it  was  possible  to.  train 
gunners  to  recognize  aspect  angles,  though  it  was  accepted  that 
the  conditions  of  the  experiment  were  static  in  nature  and  gave 
no  indication  of  the  accuracy  with  which  gunners  could  recognize 
aspect  angles  in  flight  or  of  their  ability  to  apply  proper  deflections 
even  knowing  the  angles. 

After  the  experiment  was  reported  the  aspect  angle  method  of 
determining  support  fire  deflections  when  using  compensating 
sights  was  adopted  as  official  Air  Force  doctrine.  In  the  interest 
of  greater  soundness  of  conclusions  and  also  to  provide  a  basis 
for  planning  aspect  angle  training,  a  second  experiment -was 
conducted  to  test  the  ability  of  gunners  in  flight  to  judge  the 
aspect  angle  of  an  attacking  fighter.* 

Procedure:  II.  Judgment  of  aspect  angles  in  the  air. — The  eh- 
periment  was  divided  into  two  phases,  the  first  to  determine  the 
ability  of  gunners  to  differentiate  an  attack  from  a  support  situa¬ 
tion,  and  the  second  to  determine  the  influence  of  air  and  ground' 
training  on  this  differentiating  ability.  In  Phase  I,  each  of  eight 
Martin  turret  gunners  and  eight  .  Consolidated  tail  turret  gun¬ 
ners  completed  six  aerial  missions  evenly  divided  between  two 
B-24  bombers  which  flew  in  parallel  courses  at  the  same-  level 
with  a  distance  of  40  yards  between  wing  tips.  A  pursuit  pilot 
made  tail  cone  and  quarter  attach  on  the  bombers  in  accordance 
with  a  prearranged  schedule;  the  attacks  lyere  randomly  distrib¬ 
uted  between  the  bombers.  The  gunners,  in  their  turrets  fitted 
with  gun  cameras,  were  required  to  judge  whether  it  was  their 
bomber  or  the  other  one  that  was  under  attack  And  to  apply 
deflection  based  upon  the  aspect-angle  of  the  fighter,  according  to 
instructions  which  they  had.  received.  When  a  gunner  believed 
his  bomber  was  under  attack  he  pressed  his  trigger  button  which 
caused  a  small  pointer  to  withdraw  from  the  camera’s  field  of 
view;  presence  of  the  pointer  in  the  developed  film  indicated 
that  the  gunner  thought  the  other  bomber  to  be  attacked,  i'.e., 
that  he1  was  in  a  support  fire  situation.  The  fighter  flew  a  total 
of  40  attacks  on  each  mission.  In  assessing  the  gun  camera 
records,  the  nature  of  the  attack;  the  gunner’s  decisions  as  to  its 
_  « 

‘This  experiment  was  designed  lay  M.J.  John  V.  McQultty  and  condvctcd  and  reported  by 
I  t.  Daniel  J.  Hlston. 
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nature,  the  number  of  changes  In  his  decision,  and  the  range  at 
which  each  change  of  decision  took  place  were  recorded.  Due 
to  the  method  of  recording  the  gunner’s  judgment,  a  gunner  was 
indicated  as  deciding  in  favor  of  support  fire  even  if  he  had  riot 
yet  made  up  his  mind.  Therefore,  when  attack  fire  was  correct, 
first  changes  of  decision  were  properly  considered  as  original 
decisions,  since  it  could  not  be  properly  determined  if  the  subject 
had  previously  considered  the  attack  as  placing  him  in  a  support 
fire  situation. 

Results:  II.  The  results  of  the  last  four  missions  (the  first 
two  were  used  as  familiarization  flights)  are  given  in  tables 
14.10  and  14.11,  and  are  graphically  portrayed  in  figures  14.5 
and  14.6.  ‘  ‘v 

Insert  Figures  14.5  and  14.6 

Conclusions:  II.  Aspect  angles  could  be  recognized  in  the  air.— 
From  these  data  it  was  concluded  that  under  the  conditions  of  the 
experiment  gunners  could  distinguish  attack  situations  from 
support  fire  situations  with  reasonable  accuracy  at  ranges  which 
were  practical  and  effective  for  the  application  of  support  fire 
rules.  The  accuracy  in  making  such  distinctions  increased  as 
range  decreased.  Gunners  also  appeared  to  make  the  differentia¬ 
tion  with  increased  confidence  as  range  decreased,  and  were  less 
apt  to  change  decisions  once  made. 

Procedure:  IIA  Additional  training  on  ground  and  in  air. — 
In  Phase  II  the  subjects  from  Phase  I  received  2  hours  of  prac¬ 
tice  on  a  static  type  of  ground  trainer.  The  trainer  consisted  of 
a  model  plane  mounted  so  that  the  aspect  angle  could  be  varied 
from  0  to  80  degrees  in  increments  of  5  degrees,  direction  could 
be  varied  in  8  directions  45  degrees  apart,  and  roll  set  at  level, 
or  30  degrees  right  or  left.  Simulated  ranges  of  300,  400,  700,' 
and  900  yards  were  incorporated  into  the  trainer  by  having  the 
subject  stand  at  appropriate  distances  from  the  model  plane. 

Table  14.10. — Differentiation  of  attack  and  support  situations  in  fliffht:  Mean 
percent  of  correct  decisions  at  different  ranges  of  the  fighter  plane  for  each 
of  four  missions  (N~16,  Laredo,  2d  quarter,  19^5) 

>  [PHASE  I] 
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Table  14.1L — Differentiationof  attack  and  support  situations  in  flight:  Mean 
percent  of  changes  of  decision  as  to  the  nature  of  attack  made  over  the 
range  of  the  attack.  Data  reported  for  each  mission  (N—18,  Laredo,  id 
quarter  1848)  . 

(Number  o t  changes  over  entire  range  ==  100  percent  (Phase  1)1  \  ,  t  l 
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200* 

2,000- 
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6 
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An  exposure  device  limited  the  subject’s  view  to  1  second.  The 
two  parts  of  the  training  included  angles  in  a  horizontal  plane, 
and  those  within  the  30-degree  cone,  with  approximately  1  hour 
being  given  to  each  part.  A  preliminary  test  began  each  part, 
followed  by  three  15  minute  trials ;  the  fifth  and  final  period  for 
each  part  was  a  test.  After  each  exposure  the  subject  stated  his 
estimate  of  the  aspect  angle,  and,  except  in  the  tests,  the  experi¬ 
menter  immediately  stated  the  correct  angle.  If  the  subject 
erred  he  was  reshown  the  model  plane  and  told  the  correct  angle. 
Following  this  ground  training  the  subjects  flew  4  additional  mis-  , 

sions  under  the  same  conditions.as  in  Phase  I. _ _  _ . 

Results:  IIA.  The  results  of  the  four  missions  are  shown  in: 
tables  14.12  and  14.13.  In  Phase  II  the  percentage  of  correct- 
decisions  was  only  slightly  higher  throughout  the  range  of  jthe 

Table  14.12.— Differentiation  of  attack  and  support  situations  in  flight:  Mean 
percent  of  changes  of  decisions  as  to  •nature  of  attack  made  over  the  range 
of  the  attack.  Data  reported  for  each  of  missions  Vll-X,  Phase  II  (N —18, 
Laredo,  2d  quarter,  19 45)  .  /  .  . 
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1,000-500 

VTT  _ 

13 

12 

20 

27 

44 

21 

40 

33.0 

VIII.  -  _  — 

1 

.  6 

28 

11 

18 

47  - 

30 

31.2 

X..  _ 

6 

7 

Average  _ 

7.8 

10.5 

500-0 


28 

22 

3 

17 

17.5 


Entire 

range 


100 

100 

100 

100 

100 


attacks,  although  the  number  of  changes  in  decisions  were  fewer, 
and  a  greater  number  of  decisions  were  made  earlier  in  she  attack. 

Conclusions:  IIA.  Accuracy  of  judgment  of  aspect  angles  did 
not  continue  to  improve  significantly.— The  ground  training  and 
the  continued  practice  in  the  air  did  not  produce  a  trend  of  im¬ 
provement  in  performance  through  the  second  four  missions. 
Apparently  the  ceiling  of  ability  to  differentiate  support  and  at- 
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tack  situations  under  the  conditions  of  this  experiment  was 
reached  after  the  fourth  training  mission.  The  course  of  learn. 
Ing  throughout  the  series  of  eight  missions  is  shown  in  figures 
14.7  and  14.8. 
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All  of  the  foregoing  seemed  to  establish  fairly  well  that  gun¬ 
ners  could  be  trained  to  differentiate  support  and  attack  situa¬ 
tions  while  in  flight. 
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Ability  of  gunners  to  lay  cff  support  fire  deflections.*— In  order 
to  establish  the  ability  of  gunners  to  lay  off  proper  deflections 
once  aspect  angles  were  determined,  the  gun  camera  records  from 
the  experiment  were  analyzed.*  The  gunners  had  been  instructed 

previously  in  the  amount  of  deflection  to  lay  off  for  each  aspect 
angle,  and  during  the  missions  actually  laid  off  the  deflections, 
using  compensating  sights  (K-13  in  the  Martin  upper  and  K-10 
in  the  Consolidated  tail)  with  100  percent  of  own  speed  settings. 
Using  the  Exact  Assessor,  a  device  developed  at  the  fixed  gunnery 
school  at  Foster  Field  to  assess  gun  camera  film,  both  aspect 
angle  and  the  amount  of  deflection  laid  off  were  determined  from 
the  exposed  film,  and  the  actual  deflection  was  compared  with  the 
correct  deflection. 

The  data  were  reported  in  terms  of  absolute  deflection  errors  by 
mission  and  in  terms  of  average  sighting  errors  in  mils  according 
to  aspect  angle  intervals.  The  results  are  summarized  in  tables 
14.14  and  14.15.  Comparing  the  tracking  errors  reported  in 
table  14.14  for  the  support  situation  with  those  made  by  gunners 


Table  14.14. — Application  of  support  fire  deflections:  Average  absolute  de¬ 
flection  errors  in  mils,  by  mission.  (N—8  for  each  turret,  Laredo ,  id 
quarter,  1945) 


Mission 

• 

Pursuit  fire  sltuaUon-  - 

Total 

1 

2 

3 

4 

5 

6 

7 

8 

Consolidated  turret - 

6.2 

4.0 

4.8 

3.9 

4.0 

3.7 

3.7 

4.2 

4.2 

Martin  turret - 

3.2 

2.9 

2.8 

4.6 

3.0 

3.3 

3.0 

3.0 

3J. 

■ 

Support  Are  situation 

Consolidated  turret - 

20 

22 

30 

17 

19 

18 

25 

'  22 

ill.* 

Martin  turret - 

25 

25 

30 

27 

31 

29 

I 

20 

! 

,30.1 

tracking  pursuit  curves  with  fixed  sights  as  reported  in  the  sec¬ 
tion  of  chapter  9  dealing  with  gun  camera,  it  appeared  that  the 
laying  off  of  deflections  based  on  aspect  angle  judgments  was 
not  significantly  more  difficult  than  laying  off  regular  Position 
Firing  deflections.70  Table  14.15  shows  how  deflection  errors 
varied  with  the  magnitude  of  the  aspect  angle;  in  general,  the 
table  shows  that  algebraic  mean  errors  were  positive  for  vngles 
below  25°  and  negative  for  larger  angles,  indicating  that  .run¬ 
ners  tended  to  overlead  for  angles  smaller  than  25°  and  und\r- 
lead  for  angles  greater  than  25°.  The  absolute  error  tended  to 
be  fairly  constant  for  all  angles  except  those  in  the  extremes, 

•A  separate  report  ot  this  analysis  was  written  by  MaJ.  John  V.  McQuItty.  Technical 
Sergeant  Hyman  Kaltz  performed  the  calculations. 
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Table  14.15.— ■ -Application  of  support  fire  deflection*:  Mean  algehraie  and 
absolute  deflection  errors,  and  absolute  directional  errors  according  to  six* 
of  aspect  angle  made  by  8  gunners  in  each  of  Martin  and  Consolidated 
turrets.  (Laredo,  2C  quarter,  1945)1 

MARTIN  TURRET,  EIGHT  GUNNERS 


Aspect  angle 


0*-4 

5*-9 

10*-14 

15*-19 

o 

Cl 

25*-29 

30*-34 

35»-3» 

15.8 

19.0 

S4.3 

25,4. 

7.6 

fggH 

-28.7 

m 

17.4 

22.6 

36.1 

30.6 

22.2 

30.3 

1.0 

2.4 

5.3 

6.9 

7.8 

w 

4.5 

IS 

140*  and 
over 


Algebraic  deflection 
error- 


Absolute  deflection 

error - 

Absolute  direction 
error - 


-88.8 

88.* 

’  2.5 


CONSOLIDATED  TURRET,  EIGHT  GUNNER* 


Algebraic  deflection 
error 

4.8 

H 

17.7 

B 

-3.7 

m 

* 

—47.3 

Absolute  deflection 

error - - - 

Absolut*  direction 

error - - - 

9.2 

w 

22.8 

HI 

19.3 

22.9 

47.8 

8.0 

m 

6.2 

6.6  j 

Ha 

5.S 

6.9 

8.8 

l  neflpctlon  error  was  obtained  by  measuring  the  distance  in  mils  from  tho  correct  point 
of  a?m  to  the  ginneV's  point  o£  aim.  Errors  in  advance  of  the  correct  point  of  slmjr.re  . 
considered  positive :  those  to  the  rear  negative.  Direction  error  vras  the  distance  from  the 
gunner’s  point  of  aim  to  the  line  of  flight  of  the  fighter  plane.  v  _ 

and  the  directional  errors  appeared  to  be  largely  independent  of 

aspect  angle.  ■  .  .  ’  ’  • 

Table  14.16  shows  that  sighting  errors  varied  according  to 

range,  especially  for  the  Martin  gunners;  absolute  deflection 
errors  remained  fairly  constant  for  all  except  extreme  ranges; 
and  direction  errors  were  quite  constant  for  all  ranges. 

It  was  concluded  that,  for  the  attacks  considered  in  this  study, 
turret  guners  could  lay  off  deflection  according  to  aspect  angle 
almost  as  accurately  as  they  could  lay  off  deflections  using 
Position  Firing  rules.  Also  it  was  concluded  that  the  magnitude 
of  the  deflection  error  was  relatively  constant  for  aspect  angles 
from  6  to  30  degrees,  but  smaller  for  angles  less  than  6  degrees 
and  larger  for  angles  larger  than  35  degrees.  Guners  showed 
a  strong  tendency  to  overlead  in  the  support  situation  at  short 
ranges  and  at  ranges  greater  than  600  yards,  a  tendency  to  over- 
lead  for  angles  of  25  degrees  or  less,  and  a.tendency  to  und 

for  angles  greater  than  25  degrees.  ^  ,  .. 

Possibly  unique  nature  of  foregoing  studies.  Al^g 
rules  for  support  fire  had  long  been  m  operational  effect  before 
the  above  results  were  available,  it  was  demonstrated  with 

»Tho  mean  circular  errM  o£  llTmlU  fluHn/lomcSslve8  Astons  of  * 

pursuit  curve  attacks  ranged  from  19  nsu*  i 

attacks  each  (see  table  0.45). 
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reasonable  accuracy  that  the  procedure  adopted  was  psychologi¬ 
cally  sound  and  required  no  forseeable  revision.  As  far  as  is 
known  this  was  the  only  instance  of  the  psychological  implica¬ 
tions  of  an  operational  procedure  being  subjected  to  experimental 
test  for  the  specific  purpose  of  determining  the  procedure’s  Ade¬ 
quacy  arid  obtaining  information  on  which  to  base  revisions  as 
necessary.  *  .  * 

'  ,  .  |. 

SUMMARY 

'  *  k 


The  importance  of  the  relationship  of  the  gunner  to  the  equip-  • 
ment  he  used  was  largely  ignored  during  most  of  the  war. 
Several  instances  of  equipment  design  being  unfavorable  to 
effective  use  of  the  equipment  are  cited ;  for  example,  the  Sperry 
computing  sight  in  the  upper  turret  of  B-1Y  demanded  conflicting 
manual  movements  of  the  gunner  while  trying  to  track  and  • 
frame  his  target  simultaneously.  In  early  1944  the  importance 
of  the.  gunner-equipment  relationship  problem  was  sufficiently 
clarified  in  higher  headquarters  to  cause  the  National  Defense 
Research  Committee  to  establish  a  special  project  (NDRC  Project 
AC-94)  to  investigate  the  psychological  adequacy  of  the  design 
of  gunnery  equipment  and  make  recommendations  for  its  im-  . 

proyement.  ■  ;  *  "Y*  ’  _ 

The  suggested  operation  of  an  optical  illusion  similar  to  the 
well-known  Muller-Lyer  illusion  in  estimating  range  with1  iron’ 
ring-and-post  sights  prompted  an  experiment  to  measure  the 
effect  of  the  illusion  if  it  existed.  Using  both  iron  ring-and-post  ■ 
and  optical  sight  versions  of  two  sight  designs,  one  of  which  ap; 
peared  to  offer  fewer  possibilities  for  the  operation  of  the  illusion 
than  the  other,  a  group  of  subjects  systematically  made  a  number 
of  range  settings  on  a  Reflectone  Range  Estimation  Trainer: 
The  results  indicated  that  greater  errors  were  made  with  the 
sight  design  suspected  of  bringing  about  the  optical  illusion. 
The  operation  of  the  size  constancy  phenomenon  in  the  optical 
sight  versions  seemed  partly  to  account  for  the  smaller  errors  in 
overestimating  a  standard  range  which  were  made  with  the  opti¬ 
cal  sights.  • 

Although  higher  headquarters  routinely  directed  the  evaluation 
of  training  devices  before  their  adoption  for  general  use  in  the 
gunnery  program,  one  instance  of  a  directed  test  of  a  proposed 
operational  procedure  is  seen  in  the  case  of  a  three-hanuled.  spade 
grip.  This  special  grip  was  designed  with  the  idea  ox  facilitating 
the  use  of  the  gunner's  dominant  eye  in  lining  up  the  sights  with 
the  target.  The  gunner  was  to  control  the  gun  with  the  hand 
corresponding  to  his  dominant  eye  on  a  'bird  handle  located  be¬ 
tween  the  two  regular  handles  and  a  little  farther  behind  the 
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gun.  A  group  of  gunners  equally  divided  as  to  eye  dominance 
fired  according  to  the  recommended  plan  on  a  moving  target 
range.  The  results  indicated  no  reliable  difference  in  favor  of 
either  the  standard  or  the  three-handled  grip. 

In  the  remotely  controlled  gunnery  system  of  the  B-29  the 
vibration  of  the  sight  did  not  preclude  the  photographing  of 
combat  gunnery  as  it  had  with  all  previous  types  of  sights.  A 
weight  to  counter-balance  the  weight  of  the,  gun  camera  was 
designed  and  produced  for  general  use  in  training  and  combat 
Although  the  difference  in  "feel”  between  the  standard  sight  and 
the  sight  equipped  with  camera  and  counter-balance  seemed  to 
be  very  small,  it  was  believed  advisable  experimentally  to  deter¬ 
mine  if  the  use  of  the  counter-balanced  gun  camera  would  detri¬ 
mentally  influence  the  gunner’s  sighting  accuracy.  A  group  of 
subjects  practiced  sighting  on  a  trainer  alternately  equipped  with 
a  regular  sight  and  one  with  a  camera  and  counter-balance  at¬ 
tached.  The  results  showed  only  slight  differences  in  perform¬ 
ance  in  favor  of  the  regular  sight,  and  not  all  of  these  appeared 
to  be  reliable. 

The  activities  of  psychologists  in  the  field  of  operational  gun¬ 
nery  theory  and  technique  included  furnishing  advice  based  on 
their  professional  background.  It  was  recommended  that  the 
range  for  opening  fire  on  the  high-speed  frontal  attacks  against 
B-29’s  be  extended  to  take  into  consideration  the  time  required 
for  the  gunner  to  determine  the  range  of  the  fighter  and  open 
fire,  thus  allowing  a  maximum  of  time  for  the  guns  to  be  firing 
while  the  target  was  within  the  effective  range  of  the  guns. 
When  the  Position  Firing  system  of  sighting  became  the  official 
defensive  fire  doctrine  for  bombers,  psychologists  assisted  in 
planning  the  new  training  courses,  and  made  recommendations  as 
to  how  the  operation  of  the  system  should  be  interpreted  to  gun¬ 
nery  students. 

A  simplified  method  for  using  iron  ring-and-post  sights  was 
recommended  partly  because  the  older  (eye-base)  method  required 
that  the  gunner  keep  his  eyes  a  constant  distance  from  the  aight 
and  appeared  to  be  therefore  much  more  subject  to  error  duiing 
the  excitement  of  combat;  additionally,  there  were  some  experi¬ 
mental  data  which  suggested  the  superiority  of  the  newer  method. 

An  instance  of  the  psychological  implications  of  an  operational 
procedure  being  subjected  to  experimental  test  for  the  specific 
purpose  of  determining  the  procedure’s  adequacy  and  recommend¬ 
ing  revisions  as  necessary  is  seen  in  the  studies  of  the  application 
of  support  fire  rules.  In  order  for  a  gunner  with  a  compensating 
sight  to  aim  effectively  at  a  fighter  plane  attacking  another  bomber 
in  his  formation,  it  was  necessary  for  the  gunner  to  estimate 
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what  was  termed  the  “aspect  angle”  of  the  fighter.  The  .  task 
of  recognizing  a  support  fire  situation  and  of  applying  appropriate 
deflections  appeared  to  be  difficult.  Experiments  were  conducted 
which  indicated  that  it  was  possible  not  only  for  gunners  to 
differentiate  between  support  fire  situations  and  direct  attack 
situations,  but  also  that  when  using  compensating  sights  in  a 
support  fire  situation  it  was  possible  to  apply  deflections  which 
were  not  significantly  less  accurate  than  deflections  laid  off  by 
gunners  with  fixed  sights  against  pursuit  curve  attacks  on  their 
own  bombers. 


1- 

CHAPTER  FIFTEEN 


/ 

Psychological  Research  on  Flexi¬ 
ble  Gunnery  Training:  Summary 

and  Critical  Evaluation 

.  Maj.  Nicholas  Hobbs 


This  summary  is  provided  to  assist  the  reader  in  obtaining  an 
overview  of  the  work  which  is  treated  in  detail  in  the  body  of  the 
report.  An  effort  has  been  made  to  make  the  summary  suffi¬ 
ciently  complete  to  satisfy  the  reader  who  wants  enough  detail 
to  know  what  was  done,  what  was  learned,  and  what  the  signifi¬ 
cance  of  the  work  seemed  to  be,  but  who  does  not  care  to  study  , 
each  chapter.  A  satisfactory  balance  between  a  general  account 
and  a  specific  discussion  has  been  sought. 

In  this  final  chapter,  there  are  also  observations  of  a  general  • 
nature  about  the  work  of  psychologists  in  gunnery.  The  war 
ended  with  a  number  of  technical  developments  in  air  warfare 
that  make  the  future  of  flexible  gunnnery  'uncertain.  Radar, 
jet-propelled  fighters  and  bombers,  guided  missiles,  and  proxim¬ 
ity  fuses  reduce  many  Ox  the  specific  findings  reported  here  to 
matters  of  historical  interest.  Techniques  developed  or  given 
new  application  may  fare  better,  for  they  may  be  useful  in  vari¬ 
ous  research  programs.  Perhaps  most  significant  of  all  will  be 
some  of  the  generalizations  which  may  be  made  about  the  func¬ 
tioning  of  psychologists  in  a  cooperative  research  program  in¬ 
volving  many  types  of  specialists.  These  generalizations  will  be 
advanced  as  hypotheses  which  may  be  usable  by  other  research 
groups. 

SUMMARY 

Brief  History  of  Flexible  Gunnery 

Although  the  bombers  of  World  War  I  mounted  flexible  guns 
for  defensive  purposes,  there  was  little  progress  made  in  the  de¬ 
velopment  of  flexible  gunnery  equipmem  or  theory  prior  to  the 
second  World  War.  During  this  period  there  was  almost  no 
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flexible  gunnery  training.  The  training  of  gunners  in  the  Army 
Air  Forces  on  a  large  scale  began  in  December  of  1941,  when 
the  first  gunnery  school  was  opened.  The  training  program  grew 
rapidly  until  there  were  seven  basic  gunnery  schools  in  operation, 
each  graduating  from  400  to  500  gunners  each  week.  The  early 
training  programs  for  these  men  consisted  of  a  varied  assortment 
of  courses,  ranges,- and  trainers  quickly  developed  to  meet  an 
urgent  need.  The  development  had  to  proceed  rapidly  without 
the  benefit  of  an  accumulated  body  of  experience,  and  the  training 
given  to  gunners  fell  short  of  the  demands  of  combat  organizations 
to  which  gunners  were  assigned.  Enemy  opposition  against  AAF 
bombers,  particularly  in  the  European  Theater,  was  determined 
and  effective,  resulting  in  bomber  losses  that  were  considered  to 
be  serious.  The  introduction  of  fighter  escort  aided  considerably 
in  reducing  bomber  losses,  but  there  was  still  a  need  to  improve 
the  effectiveness  of  flexible  gunnery. 

The  establishment  of  the  AAF  Instructors  School  (Flexible 
Gunnei  y)  in  December  of  1942  was  an  important  step  in  the 
direction  of  better  gunnery.  The  primary  objective  of  this 
school  was  to  train  instructors,  but  it  was  also  charged  with  the 
standardization  of  gunnery  training,  with  preparing  training 
materials,  and  with  research.  Research  in  gunnery  was  started 
by  psychologists  who  were  exploring  means  of  selecting  men  for 
gunnery  training.  After  preliminary  studies  were  made  at  three 
gunnery  schools,  Psychological  Research  Detachment  (Gunnery) 
was  activated,  in  March  1943,  to  continue  the  work  and  also  to 
study  problems  of  training.  The  Detachment  worked  closely 
with  the  Instructors  School.  In  the  year  following  the  activation 
of  the  Instructors  School,  many  advances  were  made  in  gunnery 
training.  Several  synthetic  trainers  were  put  into  general  use; 
combat-type  aircraft  were  made  available  for  use  in  training; 
standard  examinations  were  adopted  for  use  in  all  schools ;  a  new 
type  of  performance  test,  known  as  a  phase  check,  was  developed; 
a  fairly  adequate  sighting  system  was  adopted;  the  Gunner's 
Information  File  was  published ;  and  several  improvements  were 
made  in  sighting  equipment. 

The  next  major  development  in  gunnery  occurred  in  May  of 
1944  when  the  Central  School  for  Flexible  Gunnery  was  activated 
and  all  gunnery  training  brought  under  the  supervision  of  one 
special  staff  office  at  Headquarters,  AAF  Training  Command. 
The  organization  of  the  Central  School  provided  for  the  training 
of  enlisted  instructors  and  of  gunnery  officers,  for  liaison  among 
all  gunnery  training  agencies,  and  for  an  expanded  program  of 
research.  Most  of  the  research  and  development  work  in  gun¬ 
nery  was  made  the  responsibility  of  the  Research  Division  of  the 
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kept  the  problem  from  being  hopeless  of  solution.  Bomber  and 
lighter  courses  were  not  erratic.  Bombers  typically  flew  straight 
and  level,  with  little  fluctuation  in  speed.  And  though  fighters 
were  more  maneuverable,  they  had  to  commit  themselves  to  a 
definite  course  if  they  were  to  get  an  appreciable  number  of  hits 
on  bombers.  The  guns  on  fighters  were  normally  fixed  to  fire 
forward  and  were  aimed  by  aiming  the  fighter.  For  the  guns  to 
remain  pointed  toward  a  moving  bomber,  the  fighter  had  to  be 
flown  on  a  predictable  course,  called  a  “pursuit  curve.”  1  To  a 
gunner  in  the  bomber  the  attacking  fighter  appeared  sensibly 
head-on  and  seemed  to  grow  larger  and  to  swing  towards  the  tail 
of  his  bomber,  until  the  attack  was  broken  off. 

Several  types  of  sights  were  used  to  help  the  gunner  predict 
where  the  fighter  would  be  by  the  time  the  gunner’s  bullets 
reached  their  target.  Simple  ring  sights,  graduated  in  “rads” 
(rings  of  a  standard  radius),  required  that  the  gunner  estimate 
a  lead,  or  “deflection,”  according  to  the  position  of  the  attacking 
fighter  off  the  beam  of  the  bomber.  Deflections  were  large  (3' 
rads)  for  a  fighter  dead  abeam  (at  90°  “angle  off”)  and  decreased 
to  zero  fvr  a  fighter  dead  ahead  or  dead  astern.  “Compensating 
sights”  mechanically  set  in  the  appropriate  rads  deflection  for 
the  gunner,  who  was  required  to  keep  the  center  of  his  sight  on 
the  nose  of  the  attacking  fighter.  A  third  type  of  sight,  known 
as  a  “computing  sight,”  required  the  gunner  to  track  the  target 
and  at  the  same  time  to  frame  the  target  within  two  variable 
vertical  lines  or  within  a  variable  circle  by  operating  hand  or 
foot  controls.  Computing  sights  multiplied  the  angular  travel 
of  the  target  (supplied  by  tracking  rate)  by  the  range  of  the 
target  (supplied  by  framing)  to  predict  the  point  of  collision 
between  the  gunner’s  bullets  and  the  fighter.  The  operation  of 
all  types  of  sights  and  gun  positions  required  considerable  skill. 

In  addition  to  using  his  equipment,  the  gunner  had  to  clean  it, 
make  minor  adjustments,  and  detect  faulty  operation.  He  also 
had  to  be  able  to  use  certain  auxiliary  equipment,  such  as  the 
interphone,  heated  clothing,  and  oxygen  equipment.  As  a  mem¬ 
ber  of  a  crew,  he  had  to  be  proficient  in  sundry  skills,  such  as 
procedures  for  emergencies. 

The  Gunner 

The  men  who  were  expected  to  perform  the  job  outlined  above 


>  A  small  model  of  a  bomber  and  of  a  fighter  can  be  used  to  Illustrate  the  pursuit  curve 
clearly.  Place  the  fighter  off  the  beam  of  tho  bomber  and  pointing  towards  the  bomber. 
Tie  a  string  from  tho  noso  of  the  fighter  to  tho  nose  of  tho  bomber.  This  represents  the 
trajectory  of  the  fighter’s  bullets.  Moro  the  bomber  forward  and  slowly  shorten  the  string. 
The  fighter  will  movo  closer  to  the  bomber  and  will  swing  towards  the  path  of  the  bomber, 
simulating  a  pursuit  curve. 
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>vere  drawn  from  the  middle  of  the  distribution  of  the  AirForces 
population,  in  terms  of  ability.  They  were  inferior  to  aviation 
cadets  but  they  were  superior  to  general  duty  enlisted  men. 
There  was,  of  course,  much  overlapping,  but  these  statements 
give  the  correct  general  picture.  Army  General  Classification 
Test  scores  of  gunners  consistently  averaged  around  111,  from 
class  to  class.  Mechanical  Aptitude  Test  scores  ranged  around 
106.  These  scores  were  several  points  higher  than  those  for 
enlisted  men  in  the  Army  at  large.  Gunners  were  somewhat 
better  educated  than  the  civilian  population.  The  mean  educa¬ 
tional  level  was  3  years  of  high  school,  but  the  modal  level  was 
high  school  graduate.  In  age,  gunners  ranged  from  18  to.  37, 
with  the  mean  for  one  group  studied  falling  at  23.5  years.  Most  • 
gunners  had  been  out  of  school  for  several  years  before  entering 
gunnery  training.  Gunners  were  not  systematically  selected  for 
training  until  near  the  end  of  the  war  when  it  became  adminis¬ 
tratively  possible  to  select  B-29  gunners.  There  were  2  stages 
of  training  for  gunners  prior  to  combat:  individual  training  for  6 
weeks  in  a  basic  gunnery  school  of  the  AAF  Training  Command, 
and  crew  training  for  12  weeks  in  1  of  the  4  training  air  forces. 
The  effectiveness  of  this  training  and  the  effectiveness  of  gunners 
in  combat  were  considered  by  competent  observers  to  be  lowered 
by  generally  inadequate  motivation  of  gunners.  Lowered  motiva¬ 
tion  was  attributed  to  the  inferior  status  of  gunners  in  the  Air 
Forces  and  to  the  nature  of  the  gunner’s  job  which  provided  the 
individual  gunner  with  no  dependable  indication  of  his  ability  to 
score  hits.  . 

Psychologists  in  Flexible  Gunnery  Research 

Psychologists  in  gunnery  studied  the  gunner’s  job  and  the  gun¬ 
ner,  with  the  objective  of  improving  the  combat  effectiveness  of 
gunnery.  There  were  four  stages  in  the  development  of  psycho¬ 
logical  research: 

(1)  Early  Research  Detachments . — In  the  latter  part  of  1942, 
psychological  research  detachments  were  sent  to  three  basic  gun¬ 
nery  schools  for  the  purpose  of  assisting  in  the  selection  of  low- 
altitude  bombardiers  from  among  graduates  of  the  schools.  A 
secondary  purpose  of  these  detachments  was  to  explore  possi¬ 
bilities  of  developing  a  battery  of  tests  for  the  selection  of  gun¬ 
ners.  This  work  was  terminated  in  December  of  1942. 

(2)  Psychological  Research  Detachment  (Gunnery). — The 
original  research  detachments  stimulated  interest  in  psychological 
research  in  gunnery,  and  a  request  was  made  that  the  work  be 
continued.  To  this  end,  Psychological  Research  Detachment 
(Gunnery)  v/as  activated  in  March  1943,  co  work  in  close  con¬ 
junction  with  the  Instructors  School. 
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(3)  Psychological  Research  Unit  No.  11. — The  work  of  the 
gunnery  detachment  expanded,  and  a  larger  and  more  perma¬ 
nent  organization  was  requested  by  gunnery  training  personnel 
Psychological  Research  Unit  No.  11  was  therefore  activated  in 
October  1943.  The  mission  of  this  unit  was  defined  in  general 
terms  as  follows:  “To  conduct  research  on  psychological  aspects 
of  problems  having  to  do  with  the  effectiveness  of  flexible  gun¬ 
nery  training  methods  and  increasing  efficiency  of  the  perform¬ 
ance  of  the  gunner."  Though  selection  problems  remained  im¬ 
portant,  emphasis  was  also  placed  on  problems  of  training. 

(4)  The  Research  Division. — Other  specialists,  such  as  math¬ 
ematicians,  physicists,  engineers,  writers,  artiste,  and  gunnery 
experts,  were  added  to  the  staff  of  the  Central  School  to  assist 
in  improving  training.  All  technical  personnel,  including  psy¬ 
chologists,  were  finally  grouped  into  one  agency  known  as  the 
Research  Division.  This  grew  into  a  large  cooperative  research 
organization  which  was  largely  responsible  for  the  detailed  plan¬ 
ning  of  gunnery  training.  Psychologists  staffed  several  of  the 
sections  of  the  Division  and  were  prominent  in  its  over-all  opera¬ 
tion. 

Two  features  of  this  development  are  noteworthy.  First,  psy¬ 
chologists  in  gunnery  worked  very  closely  with  training  person¬ 
nel  on  training  problems.  Second,  psychologists  worked  in  co¬ 
operation  with  other  technical  specialists.  Such  cooperative  re¬ 
search  may  well  prove  more  rewarding  than  research  by  special¬ 
ists  organized  into  separate  "groups  according  to  their  fields. 
Experience  in  this  approach  to  gunnery  problems  suggests  that 
in  research  concerned  with  the  improvement  of  the  operating 
efficiency  of  men  or  with  improving  the  design  of  the  equipment 
with  which  they  work,  psychologists  may  well  serve  to  integrate 
the  work  and  to  give  it  fruitful  orientation. 

The  Nature  of  Gunnery  Proficiency 

Accurate  and  detailed  descriptions  of  the  duties  of  gunners  in 
combat  were  required  for  developing  selection  and  training  pro¬ 
cedures,  and  for  arriving  at  a  criterion  by  which  selection  and 
training  procedures  could  be  validated.  The  two  problems  were 
distinct,  though  closely  related.  Plans  for  selection  and  training 
had  to  be  developed  whether  an  adequate  criterion  was  available 
or  not,  but  no  systematic  improvement  could  be  made  in  selection 
and  training  procedures  without  a  criterion  which  would  make 
possible  the  experimental  evaluation  of  various  possible  proced¬ 
ures. 

The  most  useful  descriptions  of  the  job  of  the  gunner  were 
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made  by  observation  ot  gunnery  m  combat  zones,  sucn  acuuiea 
involved  questioning  gunners  and  gunnery  officers,  examining 
mission  reports,  attending  "briefings”  and  "critiques”  of  combat 
missions,  observing  gunners  doing  each  of  their  combat  jobs, 
and  flying  missions  as  a  gunner.  One  study  that  employed  all 
of  these  techniques  resulted  in  a  precise  statement  of  what  B-29 
gunners  had  to  know  and  be  able  to  do.  The  list  was  complete 
and  inclusive.  The  single  most  important  task  of  the  B-29 
gunner  was  “to  track  and  frame  smoothly  and  accurately  with  his1 
specialized  sight.”  This  emphasis  was  immediately  reflected  by 
changes  made  in  the  training  program  for  B-29  gunners.  Other 
items  indicated  that  B-29  gunners  had  to  be  able  "to  trigger- 
correctly,  use  standard  interphone  procedure,  search  properly,, 
load  the  guns  in  his  assigned  turret,  clear  his  guns,”  and  so  on.- 
The  important  consideration  was  that  these  items  were  specifically 
defined  and  that  the  list  was  complete.  A  training  program  based 
on  the  requirements  stated  would  meet  all  of  the  requirements  of- 
the  air  force  to  which  the  gunners  were  to  be  assigned. 

For  purposes  of  planning  selection  procedures,  an  analysis  of ' 
the  aptitudes  required  to  perform  combat  duties  was  more'- 
useful  than  straight  job  descriptions.  Analyses  of  this  type  were1 
done,  using  uniform  procedures,  in  four  theaters  of  operation. 
Combat  gunnery  officers  were  asked  to  indicate  the  degree  to 
which  gunners  should  possess  certain  characteristics  stated,  and 
defined  in  a  checklist.  Gunnery  officers  considered  the  qualities; 
of  emotional  control  and  motivation  to  be  most  important,  with 
speed  of  decision  and  reaction,  division  of  attention,  dependa-’ 
bility,  coordination,  mechanical  comprehension,  and  memory  as 
of  high  importance.  Mathematical  skill  was  considered  least  , 
important  of  all  qualities  listed.  It  is  interesting  to  note  that 
the  intercorrelations  among  judgments  of  gunnery  officers  in  four 
iifferent  theaters  ranged  from  0.87  to  0.94.  The  results  of  these1 
studies  were  used  in  developing  selection  tests  and  in  weighing’ 
tests  in  selection  batteries.  •  '  '■  ‘* 

Experimentation  to  improve  training  and  selection  procedures, 
required  an  adequate  criterion  of  gunnery  proficiency.  A  meas- 
are  of  the  ability  of  gunners  to  shoot  d6wn  enemy  planes  would 
oe  the  ideal  criterion.  However,  numerous  factors  made  it  un¬ 
likely  that  a  criterion  could  be  obtained  from  the  performance  of 
gunners  in  combat.  Some  substitute  criterion'  was  therefore 
sought  in  the  training  program.  Success  and  failure  in  training 
were  first  examined  as  a  possible  criterion,  but  investigations  of 
the  elimination  policies  of  the  basic  gunnery  schools  revealed  that 
few  men  were  eliminated  (seldom  as  many  ns  10  percent  of  a 
class)  and  that  the  reasons  for  elimination  \  iried  from  school 
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to  school  and  even  from  class  to  class.  Attention  was  turned  to 
the  possibility  of  obtaining  multiple  criteria  which  were  reason¬ 
ably  valid,  reasonably  reliable,  and  obtainable  with  a  reasonable 
amount  of  effort.  Standardized  achievement  tests  developed  cen¬ 
trally  and  used  uniformly  by  all  gunnery  schools  provided  a  de¬ 
pendable  measure  of  knowledge  of  gunnery.  Phase  checks,  which 
will  be  described  presently,  provided  adequate  measures  of  ability 
to  care  for  gunnery  equipment  These  were  ancillary  tasks,  how¬ 
ever,  and  there  remained  a  need  for  a  criterion  of  the  ability  of 
the  gunner  to  aim  and  fire  his  guns.  Several  synthetic  trainers, 
notably  the  Waller  Trainer,  the  Jam-Handy  Trainer,  and  the 
Hobson-Strnad  Trainer,  provided  fairly  si  ‘■.isfactory  measures  of 
proficiency  in  aiming  and  tracking.  Ground' ranges  added  the 
actual  shooting  of  guns  to  the  performance,  but  the  aiming  re¬ 
quirements  of  ground  range  firing  were  quite  unrealistic,  except 
for  the  Poorman  Range,  which  was  not  widely  used.  Air  training 
added  apparent  validity  by  requiring  gunners  to  shoot  from 
bombers  at  aerial  targets.  Firing  at  towed  flag  or  sleeve  targets 
was  unsatisfactory  because  aiming  was  unrealistic.  Gun  camera 
exercises  met  all  requirements  for  aiming  and  tracking  but  did 
not  include  practice  in  firing  the  guns. ‘The  Frangible  Bullet 
Trainer,  an  armored  fighter  at  which  gunners  could  fire  caliber 
.30  projectiles  which  would  disintegrate  harmlessly  on  impact, 
presented  a  somewhat  distorted  aiming  problem  and  yielded  such 
a  small  proportion  of  hits  that  scores  obtained  were  not  reliable. 
The  Firing  Error  Indicator,  a  device  which  could  be  mounted  in  a 
glider  and  towed  in  a  Realistic  attack  pattern,  provided,  by  means 
of  radio  signals,  a  rough  indication  of  the  distance  and  direction 
in  which  projectiles  missed  the  target.  Although  the  most  prom¬ 
ising  of  all  aerial  targets,  the  Firing  Error  Indicator  was  not  fully 
developed  at  the  end  of  the  war.  Ail  things  considered,  the  gun 
camera  provided  the  most  satisfactory  criterion  of  the  gunner’s 
ability  to  use  his  equipment  in  a  manner  that  might  be  expected 
to  result  in  hits  on  fighters  in  combat. 

The  Selection  of  Gunners 

Problems  centering  around  the  selection  of  gunners  may  best 
be  summarized  from  two  viewpoints,  one  pertaining  to  the  tech¬ 
nical  job  of  developing  tests  which  would  predict  success  in  gun¬ 
nery  and  the  other  pertaining  to  matters  of  policy. 

Early  attempts  at  developing  a  battery  of  aptitude  tests  which 
would  identify  those  men  who  ws**  most  likely  to  achieve  a  satis¬ 
factory  level  of  proficiency  as  gunners  were  limited  by  the  inade¬ 
quacies  of  the  criteria  available  for  the  validation  of  tests.  It 
was  not  until  late  in  the  war  that  criteria  were  developed  which 
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were  reasonably  adequate.  However,  a  number  of  studies  of  the 
validity  of  tests  were  done  over  a  period  of  3  years,  using  the 
best  available  criteria.  The  general  picture  presented  by  the 
results  of  these  studies  is  as  follows. 

Academic  proficiency  as  measured  by  reliable  achievement  tests 
could  be  satisfactorily  predicted.  Correlations  of  from  0.40  to 
0.60  were  representative.  A  median  r  of  0.45  was  obtained  for 
the  composite  score  on  10  classifications  tests.  The  Aptitude  Test 
for  Aerial  Gunners,  AC30A,  yielded  a  correlation  of  0.49.  A  bat¬ 
tery  of  tests  which  included  the  Army  General  Classification  Test 
and  the  Mechanical  Aptitude  Test  correlated  with  academic 
grades  of  three  classes  in  each  of  3  gunnery  schools,  the  coefficients  . 
being  0.65,  0.66,  and  0.44 ;  the  AGCT  and  MA  yielded  multiple  r’s » 
of  0.49,  0.49,  and  0.36  for  the  same  groups.  The  pilot  stanine 
correlated  0.53  with  the  gunnery  final  examination  for  one  group 
studied,  with  the  bombardier  stanine  having  a  coefficient  of  0,47, 
and  the  navigator  stanine  a  coefficient  of  0.25.  Specific  tests 
which  appeared  most  closely  related  to  academic  success  were 
Technical  Vocabulary,  CE505C,  Mathematics,  C1708A,  Mechanical 
Principles,  C1903A,  Reading  Comprehension,  C1614G,  and  the 
Army  General  Classification  Test.  Proficiency  in  aiming  and  fir¬ 
ing  guns  was  predictable  with  less  efficiency.  Correlations  be¬ 
tween  various  tests  and  ground-to-ground  and  air-to-air  firing 
were  low,  typically  of  the  magnitude  of  0.05  to  0.20.  However, 
the  validity  of  these  criteria  was  considered  to  be  low  also.  Gun 
camera  scores  provided  a  more  satisfactory  criterion  from  the 
standpoint  of  validity.  Among  the  various  tests  tried  out  for  ’ 
predicting  this  criterion,  the  Two-Hand  Pursuit  Test  (Thurstone), 
CM801A,  appeared  to  be  the  most  promising,  yielding  validity 
coefficients  greater  than  0.40  both  for  a  group  of  32  Martin  gun¬ 
ners  and  for  a  group  of  32  Sperry  gunners.  In  one  study  con¬ 
ducted  in  1942,  biserial  coefficients  were  obtained  between  the 
composite  score  on  10  selected  tests  and  the  criterion  of  pass-fail 
in  gunnery  training.  For  two  schools,  the  r's  were  0.44  and  0.63. 
It  seems  reasonable  to  conclude  that  tests  could  have  been  used 
to  send  into  gunnery  training  men  of  greater  promise  than  those 
who  were  actually  accepted  for  training. 

Critical  considerations  in  formulating  policy  with  reference  to 
the  selection  of  gunners  were  two:  the  number  of  gunners  to  be 
trained  was  large  (during  one  year  some  3,000  gunners  were 
trained  each  week),  and  no  ope  could  define  adequately  what 
minimum  levels  of  aptitude  were  required  of  gunners.  The  first 
factor  meant  that  nearly  all  men  who  c  'uld  meet  minimum 
physical  and  mental  requirements  out  who  c  /uld  not  qualify  for 
or  succeed  in  aviation  cadet  training  were  trained  to  be  gunners. 
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Though  many  gunners  were  tested,  an  effective  selection  program 
was  precluded,  A  brief  respite  was  gained  from  the  mass  train- 
ing  of  unselected  gunners  in  1945  when  the  B-29  gunnery  training 
program  was  getting  under  way.  It  became  possible  then  to 
divert  the  best  qualified  men  to  this  type  of  training.  However, 
had  the  war  continued,  nearly  all  gunners  would  probably  have 
been  trained  for  the  B-29,  and  the  selection  program  most  likely 
would  have  reverted  to  its  former  ineffectiveness.  It  is  believed, 
however,  that  more  careful  planning  would  have  made  a  selection 
program  feasible.  It  is  possible  that  many  more  gunners  were 
trained  than  were  needed  for  combat,  or  for  instructional  staffs. 
Men  trained  as  gunners  were  frequently  used  for  job3  not  closely 
related  to  gunnery,  such  as  truck  driving.  Had  the  requirements 
for  numbers  of  gunners  been  more  precisely  defined,  and  thus  re¬ 
duced,  better  men  could  have  been  selected  for  gunnery  training. 
On  the  other  hand,  had  the  requirements  for  skills  of  gunners 
been  more  precisely  defined,  more  effective  demands  could  have 
been  made  for  a  gunnery  selection  program.  It  is  probable  that 
these  types  of  training  which  can  define  their  requirements  with 
precision,  and  do  so  convincingly,  are  more  likely  to  have  their  re-  • 
quirements  favorably  considered.  Unfortunately,  the  flexible 
gunnery  program  was  not  able  to  specify  what  minimum  aptitudes 
or  skills  were  necessary  to  ensure  an  increase  in  the  number  of 
enemy  fighters  shot  down. 

An  hypothesis  which  may  be  useful  in  future  gunnery  programs 
grows  out  of  the  relationship  between  selection  and  training. 
Since  the  selection  of  gunners  appeared  administratively  unfeas¬ 
ible,  research  in  gunnery  was  concentrated  on  improving  training 
procedures.  Towards  the  end  of  the  war,  however,  some  evidence 
was  obtained  from  training  research  v/hich  emphasized  the  im¬ 
portance  of  selection.  Studies  of  gun  camera  performance 
showed  relatively  little  learning  as  a  result  of  practice  but  re¬ 
vealed  fairly  stable  individual  differences  in  proficiency.  It  is 
possible  that  the  final  level  of  proficiency  could  have  been  raised 
more  readily  by  eliminating  men  of  less  aptitude  than  by  extend¬ 
ing  the  training  of  the  total  group. 

The  Development  of  Achievement  Teste 

A  rer-jmbered  question  from  one  of  the  early  gunery  achieve¬ 
ment  tests  was  a  combination  completion  and  true-false  type  item. 

It  read,  “The . is  the  Army’s  fastest  twin-engine  bomber. 

True . False . ”  Not  all  items  were  as  bad  as  this  one, 

but  the  tests  generally  left  much  to  be  desired.  They  were 
hastily  constructed,  sampled  only  small  portions  of  the  subject 
matter  taught,  and  were  administered  in  such  a  manner  as  co 
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assure  that  nearly  all  students  passed.  Efforts  to  standardize 
gunnery  training  were  accompanied  by  efforts  to  improve  testing 
procedures.  At  first,  emphasis  was  placed  upon  training  Instruo* 
tors  properly  to  develop  and  administer  achievement  tests.  A 
manual  was  prepared  and  courses  were  introduced  in  the  In¬ 
structors  School,  both  emphasizing  the  desirability  of  objectivity 
in  testing,  of  adequate  course  coverage,  and  of  clarity  in  writing 
items.  Instruction  was  also  given  on  how  to  administer  and 
score  examinations.  Later,  with  the  increase  in  the  number  of 
psychologists  in  gunnery  research,  the  function  of  test  construc¬ 
tion  was  taken  over  by  the  Psychological  Research  Unit.  Thus- 
contrally  constructed  standard  tests  were  made  available  to  all 
gunnery  schools.  Emphasis  on  the  indoctrination  of  instructors 
was  shifted  to  procedures  for  the  administration  of  tests  and  to 
the  use  of  tests  to  improve  instruction. 

Improvement  in  instruction  through  the  use  of  test  results  was, 
accomplished  by  means  of  the  Error  Item  Analysis  Report  Form. 
For  each  item  in  a  test,  there  was  on  the  form  a  brief  description 
of  the  content  of  the  item,  follo'wed  by  a  reference  to  appropriate 
lesson  plans  and  to  sections  in  the  Gunner’s  Information  File 
pertaining  to  the  item.  The  tests  were  commonly  given  by  an 
examining  section,  which  tallied  on  the  Error  Analysis  Report 
Form  the  number  of  students  missing  each  item.  This  made  it 
possible  to  furnish  each  department  head  .1  each  instructor 
with  a  weekly  summary  of  the  areas  of  weakness  of  students  in 
their  departments  or  classes. 

In  time,  the  use  of  a  standard  final  comprehensive  examination 
in  all  gunnery  schools  was  directed.  This  examination  consisted 
of  from  135  to  150  multiple-choice  items.  The  first  and  major 
part  of  the  test-sampled  items  on  general  gunnery  materials ;  the 
second  and  smaller  part  was  divided  into  sections,  each  section 
pertaining  to  a  specific  turret.  All  gunners  took  the  first  part  of 
the  examination  and  then  selected  the  section  in  the  second  part 
which  pertained  to  the  turret  on  which  they  had  been  trained. 
The  examinations  were  printed  in  loose-leaf  format,  and  separate 
answer  sheets,  which  could  be  machine  scored,  were  provided. 
A  noteworthy  feature  of  the  gunnery  achievement  tests  was  the 
liberal  use  of  pictorial  items,  which  reduced  to  a  minimum  the 
demands  for  verbal  facility. 

.  Most  of  the  work  on  achievement  testing  was  devoted  to  the 
development  of  the  Gunnery  Final  Examination.  There  were 
four  major  editions  of  this  test,  the  first  and  last  two  editions 
having  equivalent  forms.  The  items  cor  the  examination  were 
based  upon  training  manual,  lesson  plans,  technical  orders,  and 
similar  materials.  Care  was  taken  to  write  each  item  as  clearly 
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as  possible  and  to  make  all  of  the  alternative  responses  useful. 
Homogeneity  within  the  subtests,  such  as  weapons,  sighting,  and 
aircraft  recognition,  was  sought  through  internal  consistency 
item  analyses.  Effort  was  also  directed  toward  obtaining  maxi¬ 
mum  total  test  reliability.  The  reliability  of  the  successive  edi¬ 
tions  of  the  test  ranged  from  0.73  to  0.88,  the  latter  forms  having 
the  higher  reliability  coefficients. 

The  gunnery  school  final  examinations  were  used  as  one  basis 
for  the  elimination  of  deficient  students  from  training,  as  one 
basis  for  the  selection  of  instructors  and  gunnery  officers,  and  as 
a  criterion  in  several  research  studies.  They  seemed  to  provide 
additional  motivation  for  students,  and  they  served  as  useful 
tools  for  detecting  weaknesses  in  instruction.  * 

Phase  Check® 

Because  of  lack  of  equipment  and  lack  of  experience  in  the 
training  of  gunners,  early  gunnery  training  tended  to  be  highly 
verbal.  Gunners  became  skilled  in  talking  about  gunnery  and 
in  passing  written  examinations  about  gunnery.  To  shift  the 
emphasis  in  training  from  verbal  learning  to  learning  by  doing, 
guhnery  performance  tests,  known  as  phase  checks,  were  de¬ 
veloped.  A  phase  check  consisted  of  a  series  of  carefully-pre¬ 
pared  items  which  described  precisely  each  step  in  the  perform¬ 
ance  of  some  gunnery  task,  shell  as  stripping  and  assembling  the 
r.uliber  .50  machine  gun.  Instructors,  known  a3  phase  checkers, 
i!3ed  the  list  to  check  the  gunner  on  his  ability  to  demonstrate 
t>at  he  could  perform  each  of  the  steps  in  the  given  task.  Since 
ail  important  steps  in  the  task  were  covered,  it  was  possible  to  use 
piase  checks  for  training  as  well  as  for  testing.  Thus  training, 
h\' ting,  and  the  final  combat  job  in  care  of  equipment  could  all 
bt  made  similar  if  not  identical.  Phase  checks  were  developed 
fo'  the  caliber  .50  machine  gun,  for  all  turrets,  and  for  all  pre- 
fliiVt,  inflight,  and  postflight  procedures.  They  measured  profi- 
ciei\y  in  all  of  the  important  duties  that  a  gunner  had  to  perform 
to  r<  ;\dy  himself  to  aim  and  fire  his  guns.  .  ■ 

T)  rough  experience  in  developing  many  phase  checks,  certain 
prin.iples  were  worked  out  for  their  construction.  Initially,  it 
must  be  determined  that  the  task  is  uniformly  accomplished,  or 
at  lea.\  that  it  can  be  made  uniform  by  training.  The  perform¬ 
ance  ii.nlyed  must  also  be  observable,  or  there  must  be  some  prod¬ 
uct  of  Ve  performance  which  can  be  checked  for  adequacy. 
With  th  !33  conditions  met,  items  can  be  prepared.  In  prepara¬ 
tion  of  iems,  it  was  found  that  clarity  of  wording,  .discreteness 
of  each  i  wp,  order  of  steps,  scorability  of  the  individual  item,  and 
closeness  vo  the  requirements  of  the  task  in  combat  were  the 
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most  important  considerations.  Having  prepared  and  assembled 
items,  it  was  found  that  careful  attention  to  the  preparation  of 
directions  to  the  phase  checker,  and  of  directions  for  the  phase 
checker  to  read  to  the  student,  was  rewarding,  for  uniform 
administration  was  requisite  to  reliable  scoring.  The  scoring  of 
phase  checks  presented  several  problems.  It  was  found  best  to 
score  each  item  on  ah  all-or-none  basis,  checking  steps  correctly 
done,  and  marking  with  a  zero  steps  incorrectly  done.  Final  raw 
scores  were  obtained  by  counting  the  number  of  errors  indicated. 
All  attempts  to  work  out  a  system  of  weighting  of  items,  either  on  • 
the  basis  of  judgment  of  their  relative  importance  or  by  statistical 
analysis,  failed.  For  convenience  in  comparing  students  on  v&« 
rious  checks,  raw  scores  were  converted  to  scores  on  a  normalized 
5-point  scale.  Converted  scores  were  obtained  on  subpaits  of  a 
phase  check  for  diagnostic  purposes  in  training,  as  well  as  ion  the 
total  check.  For  operations  where  speed  was  an  important  con-  , 
sideration,  converted  scores  were  derived  from  raw  error  and 
time  scores  combined.  r 

The  validity  and  reliability  of  phase  checks  were  not  readily 
determined  by  usual  techniques.  The  validity  of  a  phase  check 
was  inherent  in  the  instrument  itself,  since  the  check  required  . 
the  performance  of  every  step  in  a  particular  task  required  of  a 
gunner  in  combat.  One  statistical  estimate  of  reliability  of 
phase  checks  yielded  a  coefficient  of  0.65.  However,  little  confi¬ 
dence  could  be  placed  in  this  estimate  because  of  the  small  pro-  * 
portion  of  errors  to  the  total  number  of  items  on  the  check.  The  . 
problem  of  determining  reliability  statistically  was  neglected  in 
favor  of  improving  the  accuracy  and  usability  of  a  technique  that ' 
was  so  obviously  valuable  in  gunnery  training.  Towards  the  end 
of  the  war,  training  reached  a  level  of  proficiency  that  produced 
gunners  nearly  all  of  whom  attained  perfect  or  near  perfect  scores 
on  all  phase  checks. 

Phase  checks  were  widely  used  as  tests,  as  training  devices,  and 
as  criteria  in  research  studies.  Their  significance  in  gunnery 
training  is  suggested  by  the  quantities  used.  The  printing  of  one 
series  of  phase  checks  ran  to  IY2  million  booklets  and  about  9 
million  answer  sheets.  Their  use  was  directed  in  all  basic 
schools,  in  all  gunnery  training  stations  ■  of  the  training  air 
forces,  and  in  most  combat  air  forces.  Phase  checks  similar  to 
those  developed  in  gunnery  were  developed  for  bombardier  train¬ 
ing  in  the  Army  Air  Forces  and  for  gunnery  training  in  the  * 
Royal  Air  Force.  It  is  judged  that  phase  checks  could  be  devel¬ 
oped  and  profitably  used  in  comparable  civilian  training  pro¬ 
grams. 
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The  Evaluation  of  Training  Devices  and  Procedure# 

A  continuing  concern  of  the  Research  Division  was  the  evalua¬ 
tion  of  training  devices  and  procedures  that  were  used  or  pro¬ 
posed  for  use  in  gunnery  training.  In  many  respects,  this  was 
one  of  the  most  important  functions  of  research,  for  the  nature 
of  gunnery  tended  to  favor  the  development  of  numerous  devices 
and  procedures  to  substitute  for  the  unattained  realistic  training 
situation  in  which  the  gunner  could  practice  the  skills  required 
of  him  in  combat  Some  screening  was  necessary  to  ensure  that 
the  most  effective  substitute*  devices  were  used,  and  that  the 
devices  which  were  adopted  were  used  in  the  most  efficient  manner.  ' 

A  number  of  devices  were  developed  for  teaching  gunners  to 
range  and  track.  An  early  sighting  system  was  based  upon  the 
accurate  estimation  of  range,  from  which  estimates  of  required 
deflection  could  be  calculated.  The  Reflectone  Trainer  was  used 
to  give  instruction  in  range  estimation.  Gunners  were  required 
to  estimate  the  apparent  range  of  a  model  airplane  inclosed  in  a 
long  box,  the  range  being  mechanically  variable  by  the  adjust¬ 
ment  of  the  relative  position  of  mirrors  reflecting  the  image  of 
the  model  plane.  Under  classroom  conditions,  it  was  found  that 
gunners  learned  little  on  .the  trainer  after  about  150  settings  of 
the  apparatus,  and  that  most  learning  occurred  during  the  first 
SO  settings.  The  findings  were  corroborated  by  a  laboratory 
experiment.  On  the  basis  of-  these  investigations,  it  was  possible 
to  recommend  the  elimination  from  the  curriculum  of  about  8 
hours  that  had  formerly  been  devoted  to  this  trainer.  Under 
classroom  conditions,  reliabilities  fluctuated  around  0.75.  Ob¬ 
servation  indicated  that  most  subjects  quickly  learned  to  use 
extraneous  cues  to  estimate  “range,”  cues  which  would  not  be 
available  from  a  bomber  in  flight. 

The  Reflectone  Trainer  was  later  dropped  from  the  curriculum,  - 
An  outdoor  range  estimation  range  was  substituted,  but  a  de¬ 
crease  in  emphasis  on  range  estimation  in  sighting  resulted  in 
converting  the  outdoor  range  into  a  tracking  trainer.  Gunners 
operating  turrets  mounted  on  stands  would  track  and  frame  a 
fighter  which  would  sweep  low  over  the  positions.  Performance 
was  recorded  on  gun  camera  film.  Because  only  a  small  amount 
of  film  was  available  for  use  on  the  outdoor  trainer,  and  because 
much  of  the  film  that  was  used  was  improperly  exposed  under 
normal  training  conditions,  the  reliabilities  of  student  scores 
obtained  were  so  low  (in  the  neighborhood  of  0.50)  that  it  was 
recommended  that  the  range  not  be  used  for  making  compari¬ 
sons  among  students  unless  more  favorable  training  procedures 
could  be  developed. 


A  somewhat  more  satisfactory  device  was  the  R&AF  Range 
Estimation  Trainer.  This  device  required  the  gunner  to  esti¬ 
mate  the  range  of  fighters  presented  by  moving  picture  film. 
Experimental  evaluation  indicated  that  gunners  learned  quickly 
to  estimate  the  amount  of  their  ring  sights  which  was  filled  by 
the  fighters  at  various  ranges.  It  was  recommended  that  this 
device  be  used.  •  *  '  ■ 

To  provide  practice  in  tracking  and  framing,  a  device  known 
as  the  E-8  Spotlight  Trainer  was  used.  Gunners  were  required 
to  track  a  spot  of  light  which  followed  an  irregular  course  around 
a  semispherical  screen.  If  the  gunner-  were  operating  Sperry 
equipment,  he  was  also  required  to  frame  the  spot  of  light,  which 
would  expand  and  contract  in  a  fashion  that  roughly  simulated, 
the  increase  and  decrease  in  apparent  size  of  an  airplane  as  its-  - 
range  changed.  Scores  were  obtained  through  a  photoelectric 
•counter  system.  Under  classroom  conditions,  reliabilities  of 
about  0.40  were  obtained,  and  it  was  recommended  that  the 
device  not  be  used  to  differentiate  among  students  on  ability  to 
track  and  frame.  It  was  demonstrated,  however,  that  learning 
did  take  place  on  the  trainer,  and  it3  use  in  the  program  was 
continued.  A  study  to  measure  the  influence  that  practice  on  the' 
Spotlight  Trainer  would  have  on  gun  camera  performance  indi¬ 
cated  some  improvement  of  ability  to  track,  using  Sperry  equip-, 
ment,  even  though  the  reliabilities  on  the  trainer  remained  low. 

To  train  B-29  gunners  to  track  and  frame,  an  outdoor  range, 
equipped  with  B-29  sighting  stations  arranged  in' a  pattern  some-’ 
what  similar  to  the  location  of  the  sighting  stations  in  a  B-29 
airplane,  was  employed.  Fighters  flew  over  the  turrets,  stu¬ 
dents  tracked  and  framed  the  fighters,  and  performance  was 
recorded  by  means  of  gun  cameras  mounted  on  the  sights.  A 
brief  study  indicated  that  satisfactory  learning  was  evident  in 
this  practice.  No  studies  of  reliability  or  of  validity  were  under¬ 
taken.-  ■  ‘ 

Ability  to  track  an  unseen  fighter  by  use  of  radar  equipment 
became  important  in  the  training  of  tail  gunners  for  the  B-29.’ 
A  device,  known  as  the  AN/APG-15  T1  Trainer,  was  used  to 
train  gunners  in  the  necessary  skills.  In  using  the  trainer,  gun¬ 
ners  would  manipulate  their  sighting  equipment  to  track  a  spot 
of  light  which  appeared  on  a  radar  scope  and  followed  a  path 
similar  to  that  generated  by  an  attacking  night  fighter. .  Scores, 
which  were  obtained  from  electrical  error  integiator  units,  were 
satisfactorily  reliable,  ranging  around  0.85.  A  study  of  the  ob¬ 
tained  learning  curves  made  it  possible  to  1  .commend  tnat  approx¬ 
imately  11  trials  of  8  minutes  each  be  given  t.o  radar  gunners. 

The  trainers  described  above  all  required  that  the  gunner  follow 


449 


a  target  with  the  target  centered  in  the  sight,  and  sometimes  with 
the  additional  requirement  of  adjusting  the  reticles  of  the  sight 
so  that  the  target  was  framed.  Deflection  trainers  required  a 
somev/hat  more  complex  performance  in  that  the  gunner  had  to 
estimate  and  lay  oil  a  deflection  and  to  change  this  deflection  dur¬ 
ing  the  course  of  an  attack.  One  trainer  used  to  develop  skill 
in  deflection  tracking  was  the  Waller  Trainer.  This  was  an 
elaborate  device,  which  used  five  synchronized  projectors  to  pic¬ 
ture  on  a  very  large  curved  screen  the  attacks  of  actual  fighters, 
v which  had  been  photographed  by  five  synchronized  cameras  from 
a  bomber  in  flight.  The  gunner  operated  hand-held  or  turret- 
mounted  guns,  and  a  score  was  mechanically  obtained  for  rounds 
fired,  bursts  fired,  and  hits  scored.  Several  studies  of  this  trainer 
were  performed.  Under  classroom  conditions,  reliability  of 
scores  tended  to  be  low,  but  it  was  demonstrated  that  reliabilities 
as  high  as  0.80  could  be  obtained  when  scores  from  8  tests  given 
under  controlled  conditions  were  combined.  Considerable  learn¬ 
ing,  which  extended  over  quite  a  number  of  trials,  was  evident. 
When  practicing,  gunners  could  obtain  immediately  knowledge 
of  the  accuracy  of  their  firing  by  an  auditory  signal  received 
through  interphone  equipment.  One  experiment  indicated  that 
gunners  receiving  this  signal  during  practice  were  consistently 
superior  in  performance  to  those  gunners  who  did  not  have  the 
advantage  of  the  signal.  / 

The  Jam-Handy  (E-14)  Trainer  was  similar  in  principle  .to 
the  Waller  Trainer,  though  much  simpler  in  design.  There  were 
two  synchronized  projectors,  one  presenting  on  a  small  flat  screen 
the  view  of  an  attacking  fighter,  and  the  other  presenting  the 
correct  point  of  aim  for  the  attack.  For  testing  purposes,  the 
gunner  wore  Polaroid  glasses  which  made  it  impossible  for  him 
to  see  the  polarized  light  from  the  superimposed  ring  sight, 
although  the  ring  sight  remained  visible  to  the  instructor.  The 
gunner’s  point  of  aim  was  indicated  by  a  pin  point  of  light  pro¬ 
jected  from  his  simulated  gun.  Scoring  was  accomplished  by 
the  instructor  who  recorded  graphically  the  gunner’s  initial  point 
of  aim  with  reference  to  the  correct  point  of  aim,  and  measured 
the  amount  of  error  in  standard  units.  Though  the  scoring  was 
subjective,  reliabilities  in  the  0.80’s  were  obtained  when  trained 
instructors  were  used. 

Two  modifications  were  made  in  the  Jam-Handy  Trainer  to 
provide  a  mechanical  scoring  system.  One  of  these  employed  a 
photoelectric  cell  which  was  activated  by  infrared  light  reflected 
from  the  correct  point  of  aim  when  the  gunner  was  correctly 
pointing  his  guns.  This  system  was  sound  in  principle  but  had 
flaws  in  design  which  were  not  eliminated  early  enough  to  make 


the  device  usable.  Another  modification  employed  mechanical 
linkages  to  permit  matching  the  gun  position  with  the  position  of 
the  target,  giving  a  score  based  on  a  photocell  counter.  This 
latter  modification  yielded  reliabilities  which  ranged  from  0.73 
j  to  0.82,  and  its  adoption  was  recommended, 
j  For  the  training  of  B-29  gunners,  several  Jam-Handy  Trainers 

|  were  installed  in  a.  large  room  with  the  sighting  stations  in  the 
same  relative  position  as  they  were  on  the  B-29.  An  evaluation 
of  this  trainer  showed  learning  and  adequately  reliable  scores. 
It  was  recommended  that  the  device  be  considered  for  use  in 
training.  Useful  information  was  obtained  from  this  study  rela¬ 
tive  to  incidence  of  fatigue  among  several  well-motivated  subjects. 

The  DeVry  Panoramic  Trainer  was  comparable  to  the  Jam- 
Handy  Trainer,  except  that  the  target  was  presented  on  two 
small,  ground  glass  screens  enclosed  in  a  box  into  which  the  gun¬ 
ner  looked,  an  arrangement  which  made  a  darkened  projection 
room  unnecessary.  The  DeVry  was  equipped  with  an  electronic 
scoring  system  indicating  the  number  of  rounds  fired  and  the 
number  of  hits  obtained.  Adequate  evidence  for  learning  on  the 
trainer  was  obtained,  but  there  was  no  evidence  that  practice  on 
the  DeVry  would  transfer  to  performance  on  either  the  Jam- 
Handy  Trainer  or  gun  camera  exercises. 

The  shotgun  was  ubiquitous  in  gunnery  training.  It  first  was 
used  on  the  skeet  range,  a  range  which  was  subsequently  modified 
in  sundry  fashions  to  make  the  training  appear  plausible.  Scores 
obtained  on  the  skeet  range  were  quite  reliable  (above  0.80  con-  ' 
sistently),  and  a  small  amount  of  learning  occurred.  With  the 
introduction  of  a  rational  system  of  sighting,  known  as  Position 
Firing,  skeet  gave  way  to  the  Basic  Deflection  Range,  which  re-‘ 
quired  the  gunner  to  use  aiming  rules  roughly  similar  to  Position 
Firing  rules.  Another  modification  of  skeet  called  for  the  firing 
of  a  post-mounted  shotgun  from  a  truck  which  circled  a  track  at 
about  20  miles  per  hour.  Clay  pigeons  were  the  targets.  The 
reliability  of  scores  on  the  Basic-  Deflection  Range  was  around 
0.85  and  on  the  Moving  Base  Range  around  0.90  ( for  10  trials). 
Seven  trials  of  25  rounds  each  did  not  seem  to  exhaust  learning 
f  on  the  Basic  Deflection  Range,  and  learning  continued  on  the 

!  Moving  Base  Range  after  the  twelfth  trial.  The  effect  of  re- 

1  moving  either  of  these  ranges  from  gunnery  training  was  not 

I  evident  in  the  performance  of  gunners  on  gun  camera  exercises, 

,  in  one  study.  To  provide  practice  in  turret  manipulation,  shot¬ 

guns  were  mounted  in  training  turrets  and  fired  at  clay  birds 
ejected  from  a  platform  mounted  on  a  tower  about  30  feet  high, 
j  Six  trials  of  25  rounds  each  gave  an  estimated  reliability  of  0.67, 

■  with  the  reliability  of  the  last  three  trials  being  0.72.  Most 
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learning  seemed  to  occur  during  the  first  few  trials.  Finally, 
skeet  was  modified  once  again  into  what  was  called  the  Giant 
Skeet  Range,  which  permitted  a  longer  period  of  tracking  for 
each  shot.  Reliabilities  were  again  good,  learning  occurred,  but 
there  was  no  indication  that  practice  would  transfer  to  perform¬ 
ance  in  the  DeVry  Trainer,  which  also  required  the  application  of 
Position  Firing  rules. 

The  gunner  was  introduced  to  his  weapon  on  the  machine  gun 
ranges.  Though  all  machine  gun  ranges  had  certain  artificialities 
which  reduced  their  value  as  trainers  of  sighting  skills,  they  did 
familiarize  the  gunner  with  guns  he  would  use  in  combat,  which 
was  considered  valuable.  On  the  Moving  Target  Range,  gunners 
fired  either  hand-held  or  turret-mounted  guns  at  a  square  cloth 
target  which  was  towed  across  the  line  of  fire,  at  ranges  from  200 
to  400  yards.  The  sighting  problem  was  unlike  that  in  the  aerial 
situation,  and  tracking  was  limited  to  the  horizontal  plane.  The 
reliability  of  scores  obtained  on  this  range  varied  typically  from 
0.50  to  0.70.  No  data  on  learning  are  available. 

On  the  Burst  Control  Range,  the  target  was  moved  in  to  a  dis¬ 
tance  of  1,000  inches  from  the  gunner,  who  was  required  to  learn 
to  maintain  as  small  a  pattern  of  bullet  dispersion  as  possible. 
Adequate  reliability  was  obtained  ,(0.80  to  0.85),  and  learning 
continued  with  no  evidence  of  complete  mastery  by  the  end  of  some 
30  trials  of  3  bursts  of  12  rounds  each.  Performance  of  gunners 
using  a  new  mount  and  an  old  mount  gave  clear  evidence  of  the 
superiority  of  the  new  mount  over  the  old,  insofar  as  pattern  size 
was  concerned. 

The  Poorman  Range  was  a  ground  installation  which  did  pro¬ 
vide  a  fair  simulation  of  the  gunner’s  sighting  problem.  The 
gun  position  was  mounted  on  a  rotating  base.  The  gunner  was 
required  to  track  in  a  direction  opposite  to  the  rotation  of  the 
base,  using  as  a  reference  point  a  small  track-mounted  model 
plane  traveling  through  a  path  which  simulated  mathematically 
the  path  of  an  attacking  fighter.  If  the  gunner  applied  Position 
Firing  deflections  properly,  his  guns  would  remain  pointed  at  the 
center  of  a  stationary  cloth  target.  Number  of  hits  on  this  target 
provided  the  gunner’s  score.  The  estimated  reliability  of  scores 
obtained  for  15  trials  of  60  rounds  each  was  0.56.  Learning  was 
typically  rapid  at  first,  with  some  leveling  off  though  no  evidence 
of  complete  mastery  at  the  end  of  13  trials  of  60  rounds  each. 
Untrained  gunners,  though  inferior  to  trained  gunners  during 
early  trials,  quickly  caught  up  with  the  more  experienced  men 
and  performed  as  adequately  throughout  the  latter  trials.  The 
Poorman  Range  was  not  widely  used  in  the  Training  Command, 
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but  it  was  considered  very  favorably  by  gunnery  officers  in  the 
training  air  forces. 

Another  ground  range  involved  the  firing  of  machine  guns  at 
radio-controlled  target  airplanes.  Though  the  planes  could  be 
brought  to  earth  occasionally  by  direct  hits,  with  attendant  ex¬ 
citement,  the  total  number  of  hits  registered  was  too  small  to 
expect  that  reliable  scores  could  be  obtained.  Further,  the  guns 
were  fired  in  battery  which  prevented  the  gunner  from  obtaining 
knowledge  of  results  of  his  firing.  On  the  whole,  the  0Q~3 
Range,  as  the  radio-controlled  target  range  was  called,  was  con¬ 
sidered  to  have  interest  value  and  little  else. 

Upon  completion  of  ground  training,  gunners  were  given  a 
period  of  training  in  the  air.  One  form  which  this  training  took 
was  to  fire  from  a  bomber  at  a  sleeve  or  flag  target  towed  by  an¬ 
other  airplane.  Except  for  familiarization  with  the  firing  of  guns 
from  a  bomber,  this  type  of  practice,  called  air-to-air  firing,  was 
considered  to  have  little  value.  Reliability  of  scores  seldom  rose 
significantly  above  zero,  and  instructional  possibilities  were  very 
limited.  However,  air-to-air  firing  was  continued  throughout  the 
war,  in  the  absence  of  any  fully  adequate  substitute. 

The  gunner's  sighting  and  tracking  problem  was  closely  simu¬ 
lated  in  gun  camera  exercises.  Using  sights  equipped  with  16 
nun.  moving  picture  cameras,  the  gunner  would  simulate  fire  at 
an  attacking  fighter.  Scoring  the  film  usually  involved  the  meas¬ 
uring  of  deviations  of  the  reticle  of  the  sight  from  its  proper  posi¬ 
tion  in  relation  to  the  target,  a  task  which  could  be  done  with 
adequate  consistency  if  proper  care  were  taken.  The  main-source  - 
of  unreliability  in  gun  camera  scores  were  variations  in  fighter 
attacks,  bomber  courses,  air  turbulence,  harmonization  of  guns, 
and  similar  factors.  For  attacks  within  a  single  mission,  average 
reliabilities  were  typically  of  the  order  of  0.46  to  0.65.  Between 
missions,  however,  intercorrelations  ranged  from  0.06  for  one 
type  of  score  to  0.42  for  another.  The  rank  order  correlation 
(uncorrected)  between  scores  on  the  first  5  and  on  the  second  5 
of  10  comparable  missions  ranged  from  0.56  to  0.75,  for  different 
measures.  In  general,  it  may  be  said  that  scores  of  satisfactory 
reliability  could  be  obtained  on  gun  camera  performance  providing 
enough  exercises  were  given  with  conditions  held  at  uniform  as 
possible.  When  learning  was  studied,  there  was  little  evidence  of 
improvement  on  the  part  of  men  who  had  completed  their  gun¬ 
nery  training;  however,  untrained  gunners  showed  improvement, 
particularly  those  using  the  Martin  turret.  Though  the  evidence 
of  its  benefits  were  not  clearly  established,  the  gun  camera  was 
considered  to  be  the  best  single  training  situation,  available  during 
the  course  of  the  war. 
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A  device  which  promised  to  provide  excellent  air  training  ex¬ 
perience  was  the  Firing  Error  Indicator.  This  was  a  radio  sys¬ 
tem,  composed  of  a  transmitting  unit  in  a  target  glider  and  a 
receiving  unit  in  the  bomber,  which  supplied  signals  indicating 
the  distance  and  magnitude  of  misses  when  caliber  0.50  projec¬ 
tiles  were  fired  at  the  target.  The  combat  situation  was  simu¬ 
lated  closely  and  the  gunner  was  provided  with  immediate  knowl¬ 
edge  of  results  in  a  most  useful  form.  The  reliability  of  scores  on 
this  device  was  not  determined.  There  was  evidence  of  learning 
in  an  exploratory  experiment,  but  there  was  no  evidence  of  trans¬ 
fer  to  gun  camera  performance.  •  Although  the  evaluation  of  this 
device  was  not  completed,  every  indication  was  that  development 
should  be  continued. 

The  Frangible  Bullet  Trainer  in  many  respects  provided  an  ex¬ 
cellent  training  situation.  Gunners  fired  a  special  caliber  0.30 
projectile  at  an  armored  fighter;  the  projectiles  would  disinte¬ 
grate  harmlessly  on  impact.  Hits  were  indicated  by  a  flashing 
light  and  recorded  by  a  system  of  counters  in  the  fighter.  There 
was  some  evidence  of  learning,  although  the  reliability  of  scores 
was  very  low;  The  average  percent  hits  obtained  in  one  study  - 
was  three,  which  limited  the  tuitional  value  of;  the  device. 
Changes  in  ballistic  factors  occasioned  by  the  use  of  a  lighter 
and  slower  projectile  also  presented  difficulties  which  were  not 
overcome  with  complete  satisfaction  by  the  modification  of  sights. 
It  is  possible  that  the  introduction  of  radar  fire  control  equipment 
on  bombers  would  increase  the  number  of  hits  obtained  on  the 
Frangible  Bullet  Trainer  sufficiently  to  yield  more  satisfactory 
scores  and  possibly  increase  the  validity  of  the  sighting  operation. 

A  study  of  a  system  of  visual  training  conceived  as  a  means  of 
improving  the  perceptual  skills  of  gunners,  and  several  investiga¬ 
tions  of  instruction  in  aircraft  recognition  are  reported  in  the  body 
of  the  report,  but  are  not  summarized  here  for  they  were  not  of. 
appreciable  importance  in  gunnery  training. 

The  Attitudes  and  Adjustment  of  Gunners 

At  various  times  during  the  war,  the  attitudes  and  adjustment 
of  gunners  were  studied.  The  value  of  these  studies  was  largely 
contemporaneous,  aiding  in  the  shaping  of  current  policies. 
Taken  together,  the  studies  now  provide  something  of  a  stereo¬ 
scopic  view  of  the  men  who  are  the  concern  of  this  report.  One 
of  the  studies  of  the  adjustment  of  gunners  is  believed  .to  be  of 
enduring  significance. 

In  general,  gunners  were  satisfied  with  their  assignments. 
One  study  revealed  that  75  percent  felt  that  being  a  gunner  was 
better  than  most  Army  assignments,  and  73  percent  felt  that  they 


454 


would  make  good  gunners.  Of  the  same  group,  81  percent  felt 
that  the  gunner's  job  was  as  important  as  that  of  the  bombardier, 
navigator,  or  pilot  on  a  bomber.  Attending  gunnery  school  usu¬ 
ally  increased  the  incidence  of  favorable  attitudes.  Most  gun-' 
ners  looked  forward  to  combat.  At  least  50  percent  said  that 
they  would  be  disappointed  if  they  did  not  get  into  combat;  about 
25  percent  were  undecided ;  and  25  percent  evidenced  no  enthusi¬ 
asm,  oij  a  questionnaire.  After  combat,  only  about  15  percent 
desired  to  return  for  a  second  tour  of  duty.  Most  gunners,  about 
85  percent,  felt  that  their  gunnery  training  was  from  good  to 
excellent.  However,  gunners  in  combat  were  able  to  make  many 
specific  recommendations  for  the  improvement  of  the  training  they  . 
had  received.  Combat  experienced  gunnrs  most  frequently  felt 
that  their  training  in  operating  their  equipment  in  the  air  had 

been  deficient.  ■ 

•  *  B  \ 

The  assignment  of  gunners  who  had  completed  one  tour  of  . . 
combat  duty  presented  difficulties.  Although  the  experience  and  _  ■ 
prestige  of  these  men  made  them  potentially  useful,  their  rela¬ 
tively  high  rank  and  their  adjustment  difficulties  made  special 
handling  of  their  assignment  necessary.  The  attitudes  of  train¬ 
ing  officers  towards  returnees  varied  from  the  opinion  that  they 
were  trouble-makers  to  the  opinion  that  they  had  much  to  offer 
in  the  training  program  if  they  were  given  the  opportunity. 
Early  assignment  policy  was  obviously  inadequate  and  many  re- 
turnees  .  expressed  resentment  against  the  jobs  given  to  them. 
Later,  policy  improved  so  that  about  70  percent  of  one  large  group 
studied  felt  that  the  Army  was  making  good  use  of  their  ability 
and  experience;  68  percent  expressed  satisfaction  with  their  . 
assignment;  and  70  percent  felt  that  they  were  doing  a  good  job.  ' 
There  was  little  enthusiasm  for  an  assignment  to  a  second  tour  of 
combat  duty.  In  one  study  15  percent  of  the  men  indicated  some 
desire  for  a  second  tour,  and  an  additional  16  percent  were  indif¬ 
ferent.  Most  men  felt  that  they  had  had  enough  of  combat. 
Attitude  toward  a  second  tour  of  duty  was  affected  by  the  reaction  „ 
of  gunners  to  the  experiences  they  had  had  on  their  first  tour.  . 
Those  gunners  who  had  most  frequently  or  intensely  experienced 
fear  in  combat  and  those  who  had  suffered  from  operational  ' 
fatigue  were  less  willing  to  return  to  the  combat  situation. 

Prior  to  combat,  about  half  of  the  gunners  in  one  study  indi-  • 
cated  some  concept  of  the  goals  for  which  they  were  fighting, 
though  their  expression  was  doubtlessly  molded  by  the  question-  • 
neiie  used.  In  an  intensive  study  of  100  returned  gunners,  it 
appeared  that  returnees  were  more  inclined  to  question  the  basic 
values  of  the  war  than  were  precombat  gunnery.  An  appre- 
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ciable  percentage  of  returnees,  about  40  percent,  expressed  some 
dissatisfaction  with  the  civilian  population. 

Combat  left  its  mark  upon  most  returning  gunners.  Ninety 
percent  of  the  men  experienced  fear  in  combat  equal  to  or  more 
severe  than  any  other  fear  they  had  ever  experienced.  About 
40  percent  of  one  large  group  of  returnees  had  been  diagnosed  as 
having  had  operational  fatigue  in  at  least  some  degree  of  severity. 
In  a  more  intensive  study  of  100  men,  24  percent  had  exhibited 
severe  combat  fatigue  and,  an  additional  50  percent  had  shown 
a  moderate  degree  of  combat  strain.  The  problem  was  obviously 
serious  enough  to  merit  careful  study.  Such  a  study  was  con¬ 
ducted  under  the  supervision  of  Dr.  Carl  R.  Rogers,  primarily  to 
determine  what  factors  were  most  closely  associated  with  adjust¬ 
ment  during  and  after  combat.  It  was  concluded  that  the  follow¬ 
ing  factors  were  sources  of  psychological  strength  in  combat:  a 
high  degree  of  security  in  a  social  group,  a  high  degree  of  security 
in  family  relationships,  security  in  religious  faith,  independence, 
clear  purposes  and  goals,  superior  ability,  and  constitutional  sta¬ 
bility.  Early  adjustment  and  the  ability  to  form  strong  group 
relationships  were  considered  to  be  most  significant.  Other  find¬ 
ings  are  included  in  summary  form  in  preceding  paragraphs  of 
this  section.  A  number  of  recommendations  were  made  which 
were  of  immediate  value  in  shaping  policy  with  reference  to  the 
treatment  of  men  returned  from  combat. 

The  usefulness  of  attitude  studies  was  apparent  during  the  war. 
In  view  of  the  fact  that  the  systematic  accumulation  and  process¬ 
ing  of  data  on  attitudes  is  a  relatively  straightforward  under- 
■  taking,  it  would  seem  profitable  in  such  a  large  scale  training 
program  to  have  routinely  collected  materials  on  the  attitudes  of 
gunners  on  entrance  to  gunnery  school,  on  completion  cf  training, 
just  prior  to  combat,  and  immediately  following  combat.  Studies 
of  special  groups,  such  as  instructors  and  gunnery  officers,  might 
also  have  been  fruitful. 

The  Development  and  Evaluation  of  Training  Programs 

Whereas  the  research  which  has  been  summarized  so  far  con¬ 
tributed  indirectly  to  the  improvement  of  gunnery  training, 
psychologists  were  also  directly  responsible  for  assisting  in  the 
development  of  training  programs  and  for  their  evaluation  in 
operation.  This  task  was  complicated  by  the  diversity  of  gunnery 
training  and  by  the  frequent  changes-made  necessary  by  the  intro¬ 
duction  of  new  equipment.  In  such  a  fluid  training  situation,  it 
was  impossible  to  achieve  uniformity  by  directives  from  higher 
headquarters,  for  the  planning  and  execution  of  programs  in¬ 
volved  the  efforts  of  a  large  number  of  people.  It  is  believed  that 
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psychologists  contributed  effectively  to  achieving  uniformity  in 
training  by  defining  and  sponsoring  certain  principles  which  were 
evolved  from  experience  accumulated  in  the  program,  and  which 
also  reflected  well  established  principles  of  learning.  The  need 
for  clear  definition  of  objectives,  for  basing  course  content  on 
these  objectives,  for  drawing  from  established  principles  in  plan¬ 
ning  teaching  procedures,  for  objectively  evaluating  the  results 
of  training,  and  for  revising  training  procedures  in  the  light  of 
research  findings  were  stressed.  More  detailed  principles  for 
guiding  work  on  specific  problems,  such  as  the  development  of  ( 
training  aids  and  of  training  devices,  \vere  gradually  worked  out  .  . 
and  used  in  program  planning.  The  evaluation  of  training  pro¬ 
grams  in  operation  made  use  of  several  techniques,  the  most 
notable  of  which  were  the  experimental  comparison  of  a  new  and 
an  old  program,  the  measuring  of  the  proficiency  of  gunners 
arriving  in  combat  theaters,  the  interviewing  of  gunners,  and  the 
studying  of  some  specific  unit  of  work  within  the  program. 

Several  studies  of  the  effectiveness  of  gunnery  training  were 
undertaken.  One  of  the  first  of  these  had  as  its  objective  the 
measuring  of  proficiency  of  gunners  in  combat  air  forces,  the 
obtaining  of  information  required  for  planning  tests  for  the  selec¬ 
tion  of  gunners  and  of  gunnery  officers,  and  the  investigation  of 
the  adequacy  of  various  materials  included  in  gunnery  curricu- 
lums  at  the  time.  Psychologists  were  sent  to  the  Seventh  Air 
Force,  the  Fifth  and  Thirteenth  Air  Forces,  and  to  the  China- 
Burma-India  Theater  for  these  purposes.  The  proficiency  aspect  ' 
of  the  study  indicated  that  none  of  the  gunners  studied  was  as 
proficient  as  the  average  basic  gunner  in  weapons  and  sighting, 
and  that  most  of  these  men  actually  received  failing  scores  on  the 
measures  used.  On  turrets,  about  one-third  of  the  men  studied 
reached  the  level  of  the  average  gunnery  student,  and  one  man 
proved  to  be  above  average.  It  was  apparent  that  gunners  were 
arriving  in  combat  theaters  unprepared  to  do  thdr  jobs.  # 

The  project  reports  resulted  in  a  reexamination  of  gunnery  . 
training  in  the  States.  Attention  was  focussed  on  the  training 
air  forces  in  particular,  and  a  study,  known  as  the  Pueblo  Project, 
was  undertaken  to  demonstrate  the  effectiveness  of  an  advanced 
training  program  which  stressed  increasing  motivation,  provid¬ 
ing  opportunity  for  guided  practice,  and  teaching  the  gunner’s 
job  as  a  unified  performance.  The  gunners  trained  under  the  new 
program  were  markedly  superior  to  those  trained  under  the  old 
urogram  •  97  percent  of  the  experimental  group  achieved  perfect 
scores  on  turret  phase  checks  and  only  38  percent  of  the  gunners' 
trained  by  traditional  methods  achieved  perfect  scores.  The 
efficiency  of  training  in  the'new  program  also  made  it  possible  to 
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use  saved  time  to  train  gunners  on  secondary  turret  positions,  and 
thereby  increase  their'usefulnes3  to  a  combat  air  force.  The  pro¬ 
cedures  used  in  the  experimental  program  at  Pueblo  were  adopted 
and  made  standard  for  all  training  air  force  stations  in  the 
country. 

The  possibility  of  increasing  the  length  of  the  basic  training 
program  was  also  considered.  Prior  to  adopting  a  new  program, 
it  was  decided  to  determine  what  gains  might  be  expected  from 
increasing  the  course  from  6  weeks  to  8  weeks.  This  decision 
was  significant  for  it  reflected  an  acceptance  of  the  viewpoint  that 
new  procedures  should  be  tested  prior  to  adoption.  The  8-week 
students  were  found  to  be  superior  in  knowledge  of  gunnery,  no 
more  proficient  in  care  of  equipment,  slightly  superior  in  use  of 
equipment,  and  appreciably  better  in  their  attitudes  toward  gun¬ 
nery  and  gunnery  training.  When  the  two  groups  were  followed 
up  in  advanced  training,  no  differences  were  apparent.  On  the 
basis  of  this  study,  it  was  possible  to  recommend  that  the  6-week 
course  was  adequate  during  periods  of  crisis  when  time  was  criti¬ 
cal,  but  that  gains  were  to  be  found  in  an  8-week  course  if  the 
time  could  be  afforded. 

The  studies  of  the  proficiency  of  gunners  in  combat  theaters 
helped  establish  the  idea  that  gunners  should  be  given  training 
from  the  day  they  entered  gunnery  school  until  they  had  com¬ 
pleted  their  last  combat  missions.'  An  intense  period  of  training 
followed  by  many  months  of  sporadic  training  or  no  training  at 
all  could  not  be  expected  to  result  in  highest  combat  efficiency.  In 
an  attempt  to  identify  the  most  efficient  procedures  for  maintain¬ 
ing  the  proficiency  of  gunners  during  their  combat  tour,  an  evalu¬ 
ation  of  four  types  of  training  routines  was  undertaken  in  the 
Eighth  Air  Force.  This  study  indicated  the  superiority  of  gun¬ 
ners  trained  under  two  of  the  proposed  programs,  and  recom¬ 
mendations  were  made  for  what  appeared  to  be  a  fairly  satisfac¬ 
tory  program  for  in-combat  training  of  gunners.  Finally, 
gunners  who  had  completed  their  combat  tours  and  returned  to 
this  country  for  retraining  for  a  second  tour  of  duty  were  subjects 
in  an  experiment  designed  to  determine  how  much  refresher 
training  they  would  require  to  bring  them  up  to  the  level  of  pro¬ 
ficiency  of  current  gunnery  graduates.  It  was  found  that  3 
weeks  of  refresher  -training  was  sufficient  to  achieve  the  desired 
objective. 

'  t 

The  Selection  and  Training  of  Gunnery  Instructors 

The  importance  of  the  individual  gunnery  instructor  in  deter¬ 
mining  the  general  level  of  gunnery  training  was  recognized  early 
in  the  psychological  research  program’,  and  persistent  efforts  were 


made  to  improve  the  functioning  effectiveness  of  these  men. 
There  were  three  general  types  of  gunnery  instructors:  the 
classroom  instructor,  the  ground  range  instructor,  and  the  air 
firing  instructor.  Since  type  of  instructional  assignment  could 
not  be  predicted  with  certainty,  it  was  considered  necessary  for  all 
graduates  of  the  Instructors  Course  to  be  able  1 6  take  over  any  of 
the  various  instructor  jobs,  either  in  gunnery  schools,  on  a  train- 
ing  air  force  station,  or  in  a  combat  air  force  squadron.  A  wide 
range  of  possible  job  assignments,  many  of  them  requiring  dif¬ 
ferent  abilities  as  well  as  different  knowledge  and  skill,  made  it 
necessary  to  select  gunnery  instructors  for  general  abilities  and 
to  follow  up  selection  with  general  training. 

The  ideal  measure  of  the  competence  of  the  gunnery  instructor 
would  have  been  some  measure  of  the  proficiency  of  the  men  whom 
he  trained.  In  the  absence  of  such  a  measure,  it  was  decided,  on 
the  basis  of  an  analysis  of  the  gunnery  instructor’s  task,  that  in¬ 
telligence,  knowledge  of  gunnery,  personal  adjustment,  and  an 
understanding  of  the  principles  of  teaching  were  of  most  signify 
icance.  Intelligence  could  be  measured  by  available  intelligence 
tests ;  personal  adjustment  might  be  measured  by  tests  validated, 
against  instructors  of  the  Instructors  School  staff  whose  adjust¬ 
ment  was  considered  to  be  satisfactory;  and  knowledge  of  gun¬ 
nery  could  be  measured  by  one  of  the  comprehensive  examinations 
that  had  been  developed  for  such  purpose.  The  measurement  of 
teaching  proficiency,  however,  required  the  establishment  of  a 
special  situation  and  the  development  of  a  rating  scale  which 
would  permit  relatively  standardized  observation  of  instructor 
trainees  -in  action.  To  meet  this  need,  and  to  give  future  instruc¬ 
tors  an  opportunity  to  learn  by  doing,  practice  teaching  classes ' 
were  instituted  in  the  Instructors  Course,  and  the  Gunnery  In¬ 
structors  Rating  Scale  was  devised.  The  agreement  among  six 
specially  trained  raters  using  this  scale  in  the  practice  teaching 
situation  was  indicated  by  t,  correlation  of  0.94  (corrected)  be¬ 
tween  odd-even  raters,  on  the  final  item  of  the  scale  which  required 
a  judgment  of  general  effectiveness  as  an  instructor.  The  fact 
that  this  correlation  was  quite  high  was  attributed  to  the  careful 
indoctrination  given  to  the  raters.  With  a  satisfactory -measure 
of  teaching  proficiency,  there  was  available  a  criterion  for  each  of 
the  four  areas  considered  important  in  the  selection  and  training 
of  instructors. 

An  early  study  of  the  intelligence  of  instructors  serving  in  the 
gunnery  schools  suggested  that  they  represented  approximately 
a  cross-section  of  the  student  population  from  which  they  were 
drawn,  the  Army  General  Classification  Test  scores  of  the  instruc¬ 
tor  group  being  only  slightly  higher  than  those  of  the  students. 
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There  was  no  evidence  of  a  rational  and  consistent  policy  of  in. 
structor  selection.  As  a  first  step  toward  improving  the  quality 
of  men  selected  to  be  instructors,  the  requirement  was  established 
that  all  instructors  must  have  an  AGCT  score  of  120  or  above  (or 
110  or  better  in  certain  exceptional  cases),  must  be  a  high  school 
graduate,  must  make  a  score  on  the  gunnery  final  examination 
above  that  achieved  by  76  percent  of  basic  graduates,  and  must 
have  “the  general  attributes  and  attitudes  desirable  in  the  task  as 
determined  by  a  competent  interviewing  officer.”  These  interim 
requirements  were  replaced  later  by  requirements  based  on  the 
Instructors  Qualifying  Examination,  which  was  specially  de¬ 
veloped  for  the  purpose.  This  examination  was  designed  to  meas¬ 
ure  general  intelligence,  knowledge  of  gunnery,  teaching  aptitude, 
and  personal  adjustment.  It  was  divided  in  two  booklets,  one 
measuring  “aptitude"  and  the  other  measuring  “achievement.” 
Reliability  for  both  sections  was  quite  adequate.  Validity  co¬ 
efficients  against  three  criteria  ranged  from  0.19  to  0.57  for  the 
aptitude  booklets,  and  from  0.08  to  0.62  for  the  achievement 
booklet.  The  examination  was  used  most  extensively  in  the  T  ic- 
sonnei  Distribution  Command  to  select  from  among  returnee 
gunners  those  who  should  be  assigned  for  training  as  instructors. 

The  assistance  given  in  the  training  of  instructors  does  not  lend 
itself  to  ready  documentation  since  much  of  the  work  was  of  an. 
advisory  nature.  The  final  comprehensive  examination  and  .vari¬ 
ous  tests  were  developed  for  the  Instructors  Course;  studies  were 
made  of  combat  returnees  on  the  basis  of  which  suggestions  were 
made  for  their  training  and  use  as  instructors;  manuals  were* 
prepared,  such  as  the  manuals  for  instructors  and  students  on 
interphone  procedure;  assistance  was  given  in  the  development 
of  training  films ;  and  day-by-day  counsel  was  provided  on  prob¬ 
lems  that  were  individually  of  no  great  import  mce  but  which  in 
the  aggregate  composed  much  of  the  total  problem  of  instructor 
training. 

The  Selection  and  Training  of  Gunnery  Officers 

That  gunnery  was  at  first  considered  a  subordinate  and  not  too 
important  function  in  the  operation  of  a  combat  aircrew  is  sug¬ 
gested  by  the  fact  that  the  training  and  supervision  of  gunners  in 
combat  theaters  was  normally  delegated  to  various  officers  in  the 
squadron,  few  of  whom  had  had  any  gunnery  training.  An  in¬ 
creased  awareness  of  the  importance  of  gunnery  was  accompanied 
by  a  demand  for  specially  trained  officers  who  could  be  responsible 
for  the  maintenance  of  proficiency  of  gunners  during  their  combat 
tour.  Since  the  job  was  to  be  newly  created,  study  of  the  require¬ 
ments  of  the  situation  in  which  gunnery  officers  would  operate  was 


necessary.  Bui  haste  also  was  necessary.  It  was  decided,  there-  J 

fore,  to  make  an  a  priori  analysis  of  the  duties  of  the  gunnery  offi¬ 
cer,  and  on  the  basis  of  this  analysis,  to  make  tentative  plans  for 
a  selection  and  training  program.  This  procedure  was  followed 
up  by  an  empirical  study,  performed  by  a  psychologist  sent  to  the 
Eighth  Air  Force,  the  purpose  of  which  was  to  validate  the  as¬ 
sumptions  made  and  to  obtain  supplementary  materials  necessary 
to  arrive  at  a  complete  and  integrated  program  for  selecting  and  •  . 
training  gunnery  officers.  It  was  determined  that  the  gunnery 
officer  first  of  all  had  to  be  able  to  * „*ach  and  to  organize  a  training 
program.  He  also  had  to  be  proheient  as  a  gunner  and  as  a  .tech¬ 
nical  expert  in  gunnery  equipment.  He  had  to  be  a  leader  capable 
of  enlisting  the  support  of  the  gunners  in  his  squadron  and  obtain-  ; 

;  ing  the  cooperation  of  other  officers  with  whom  he  worked. 

•  Finally,  he  had  to  have  qualities  of  personality  and  ability  that 

:  would  jive  reasonable  assurance  of  success  in  a  job  for  which 

I  there  was  no  pattern-setting  precedent.  The  Eighth  Air  Force  • 

|  study  also  yielded  a  series  of  ratings,  by  men  acting  as  gunnery  * 

;  officers,  of  qualities ‘which  were  considered  essential  in  the  gun- 

|  nery  officers  who  were  to  be  selected  and  trained.  On  the  basis 

!  of  those  studies,  the  Gunnery  Officers  Selection  Test  was  devel¬ 
oped.  This  test  consisted  of  two  booklets,  the  first  made  up  of  '  -  , 

measures  of  general  intellectual  abilities  and  the  second  of  mens-  ■  : 

ures  of  personality  variables  considered  to  be  important  for  gun- 
nery  officers.  The  final  form  of  the  test  had  reliability  coefficients,  * 
for  the  two  parts  of  0.87  and  0.89,  respectively.  The  validity  of 
the  two  parts  i3  suggested  by  obtained  bisersal  coefficients  of  0.42  ■ 
and  0.18,  using  pass-fail  in  the  Gunnery  Officers  Course  as  the  cri¬ 
terion.  After  the  initial  curriculum  for  the  Gunnery  Officers: 

Course  had  been  planned,  psychologists  had  little,  responsibility  in 
connection  with  the  work  of  the  school,  beyond  assisting 
occasionally  on  various  minor  technical  problems. 

Contributions  to  Gunnery  Equipment,  Theory,  and  Technique 
Psychologists  in  gunnery  gave  assistance  in  the  development  of 
gunnery  equipment  and  in  the  formulation  and  evaluation  of  gun¬ 
nery  theory  and  techniques.  Much  of  this  work  consisted  of  ■ 
making  judgments  and  suggestions  by  drawing  from  established  * 
psychological  principles  to  find  solutions  to  specific  problems  in- 
gunnery.  Some  of  the  work  was  experimental  in  nature.  The 
work  was  considered  to  be  important,  for  psychological  considera- 
*  tions  were  often  neglected  in  the  design  of  gunnery  equipment  or 

1  in  deciding  how  equipment  should  be  used.  For  example,  the 

I  control  wheels  of  the  B-29  pedestal  sight  were  so  designed  that 
'  conflicting  manual  movements  were  required  to  frame  the  target 
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and  to  track  vertically.  Compensating  sights  were  adequate  in 
design  but  limited  in  use  until  experimentation  indicated  that 
gunners  could  use  compensating  sights  against  a  variety  of 
attacks. 

An  early  experiment  investigated  the  efficiency  of  several  types 
of  sight  reticles,  a  basic  problem  in  equipment  design  since  all 
sights  had  some  type  of  reticle.  The  investigation  was  prompted 
by  the  discovery  that  gunners  tended  to  underestimate  range 
when  using  iron  ring  sights.  Of  500  judgments  of  range,  489 
were  underestimations.  The  presence  of  an  optical  illusion. in¬ 
duced  by  the  design  of  the  sight  was  suspected.  The  hypothesis 
was  that  the  circular  ring  superimposed  upon  a  fighter  tended  to 
make  the  apparent  size  of  the  fighter  greater  than  it  would  be  if 
the  ring  were  not  present.  Therefore,  the  ring  for  one  sight  ^vas 
removed,  leaving  only  the  cross-hairs,  and  performance  on  this 
modified  sight  was  compared  with  performance  on  the  standard 
sight.  When  the  ring  was  removed,  the  error  in  estimating 
range  was  significantly  reduced.  The  possibility  that  a  size  con¬ 
stancy  phenomenon  was  also  operating  was  suggested  by  the  fact 
that  estimation  of  range  was  more  accurate  when  an  optical  sight 
was  used ;  the  optical  sight  had  a  collimating  lens  system  which 
eliminated  most  of  the  conditions  favorable  to  the  occurrence  of 
size  constancy.  The  possibility  that  eye-dominance  might  be  sig¬ 
nificant’  in  sighting  was  also  explored,  though  not  exhaustively. 
Tests  of  a  special  gun  grip  which  facilitated  the  use  of  the  domi¬ 
nant  eye  in  aiming  were  compared  with  the  traditional  grip.  No j 
significant  differences  were  found.  An  additional  equipment1 
problem  arose  when  it  became  desirable  to  install  gun  cameras  for 
B-29  sights  for  use  in  combat.  There  was  some  hesitation  to  in¬ 
stall  cameras  for  fear  of  upsetting  the  balance  of  the  sight.  Com¬ 
parisons  of  standard  sights  with  counterbalanced  camera-equipped 
sights  indicated  that  the  installation  of  the  camera  did  not 
significantly  affect  the  gunner's  performance. 

Increasing  the  versatility  of  existing  equipment  was  often  more 
rewarding  than  attempts  to  have  equipment  modified  to  incorpo¬ 
rate  improvements,  since  equipment  changes  consumed  much 
time.  Several  gunnery  officers  suggested  a  simple  rearranges 
ment  of  the  ring  and  the  post  on  ring-and-post  sights  to  make  it 
unnecessary  for  the  gunner  to  keep  his  head  a  given  distance  from 
the  ring.  The  accuracy  of  sighting  when  using  the  two  systems 
indicated  some  superiority  for  the  proposed  modification.  The 
adoption  of  the  new  method  was  recommended. 

The  defensive  strength  of  a  bomber  formation  was  decreased 
by  the  fad-  most  gunners  could  fire  effectively  only  at  fighter/ 
attacking  their  own  bomber.  Lending  support  fire  to  a  neighbor 
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Ing  Bomber  Was  not  feasible,  when  using  noncomputing  sights. 
The  use  of  compensating  sights  for  support  fire  was  known  to  be 
possible  mathematically ;  however,  there  was  doubt  whether  gun¬ 
ners  could-  make  the  perceptual  judgment  required  to  apply  the 
mathematically  determined  deflections.  The  judgment  involved 
estimating  the  “aspect  angle"  of  the  fighter,  or  the  degree  to  which 
the  nose  of  the  fighter  was  turned  away  from  the  gunner’s  bomber 
toward  some  other  bomber.  On  the  basis  of  studies  of  the  ability 
of  gunners  to  judge  aspect  angles  in  a  static,  laboratory  situation,, 
the  recommendation  was  made  that  the  aspect  angle  method  of 
firing  be  used.  The  procedure  was  incorporated  into  Air  Force 
doctrine.  To  verify  the  soundness  of  the  recommendation,  the 
studies  were  repeated  in  ;he  air.  It  was  found  that  gunners  could 
estimate  support  fire  del  ections  using  the  aspect  angle  system  as 
effectively  as  they  could  judge  deflections  required  for  defense  of, 
their  own  bombers  when  using  simple  ring  sights.  This  develop¬ 
ment  illustrates  well  the  productive  role  of  psychological  research 
in  a  practical  situation.  A  problem  existed  for  which  an  imme¬ 
diate  solution  was  demanded.  The  solution  recommended  was^ 
based  upon  the  best  available,  though  limited,  experimental  evi¬ 
dence.  A  tactical  doctrine  was  formulated  and  put  into  use. 
The  recommended  procedure  was  then  verified,  and  checked  for- 

possible  revision,  by  more  extensive  experimentation.  - 

,  0 

CRITICAL  EVALUATION  .  — 

An  attempt  will  be  made  in  the  paragraphs -that  follow  to  evalu¬ 
ate  briefly  the  work  of  psychologists  in  gunnery  and  to  summar¬ 
ize  some  hypotheses,  growing  out  of  the  gunnery  research 
program,  which  may  be  of  value  to  other  research  groups. 

The  Concept  of  the  Job  To  Be  Done  .  ’ 

A  first  question  that  one  would  ask  of  a  research  program  is 
how  adequate  was  the  conception  of  the  goals  and  the  functions 
of  the  program.  The  fact  that  the  objectives  of  gunnery  research, 
were  frequently  examined  by  the  officers  responsible  for  the  pro¬ 
gram  may  lend  substance  to  this  final  evaluation. 

The  objectives  of  psychological  research  in  gunnery  changed 
during  the  course  of  the  war.  Thus  the  most  thoughtful  concep¬ 
tion  of  the  work  during  one  period  would  not  suffice  for  a  subse¬ 
quent  period.  With  the  exception  of  one  period,  however,  it  is 
believed  that  the  over-all  program  of  pschological  research  in  gun¬ 
nery  was  accomplished  with  objectives  and  purposes  which  were 
clearly  formulated  and  generally  understood.  Early  research  in 
gunnery  was  directed  towards  the  developing  of  selection  tests. 
This  was  an  appropriate  function  for  psychologists  in  the  Army, 


there  being  established  precedent  for  this  type  of  work.  In  seek¬ 
ing  criteria  for  the  validation  of  selection  tests,  investigations 
were  made  of  training  procedures,  which  led  to  a  redefining  of  the 
objectives  of  psychological  research  to  include  research  on  train¬ 
ing.  Although  training  research  is -certainly  an  appropriate  field 
of  endeavor  for  psychologists,  the  entrance  of  aviation  psychol¬ 
ogists  into  the  field  of  training  was  accompanied  by  some  con¬ 
fusion  in  objectives.  Neither  psychologists  nor  training  person¬ 
nel  had  a  clear  concept  of  the  new  job  that  psychologists  were 
undertaking.  As  the  new  work  was  getting  under  way,  psychol¬ 
ogists  in  gunnery  research  somewhat  inadvertently  became  in¬ 
volved  to  some  extent  in  the  actual  operation  of  training.  Regard¬ 
less  of  the  justification  of  this  at  the  time,  it  seems  fairly  clear 
now  that  the  attendant  confusion  of  objectives  worked  to  the  dis¬ 
advantage  of  gunnery  research.  The  need  for  this  nonresearch 
activity  was  diminished  by  the  assignment  of  additional  training 
personnel  to  the  Central  School,  and  psychologists  focussed  all  of 
their  efforts  on  improving  gunnery  through  research.  There 
gradually  evolved  a  clear  concept  of  the  objectives  of  psychological 
research  on  problems  of  gunnery  training.  These  objectives  may 
be  summarized  as  follows :  to  cooperate  with  other  specialists  in 
the  development  of  techniques  and  procedures  for  the  selection 
and  training  of  gunners,  of  gunnery  instructors,  and  of  gunnery 
officers;  and  to  devise  more  efficient  means  of  using  gunnery 
equipment,  through  the  application  of  experimental  techniques  or 
of  principles  drawn  from  the  general  body  of  psychological  knowl¬ 
edge.  Finally,  a  temporal  qualification  was  added  to  these  objec¬ 
tives:  work  which  would  most  immediately  produce  better 
gunnery  would  be  given  highest  priority.* 

Levels  of  Research 

In  planning  psychological  research  in  gunnery,  the  concept  of 
levels  of  research  was  useful.  The  essential  feature  of  this  con¬ 
cept  is  that  research  should  be  carried  on  at  several  levels  simulta¬ 
neously,  particularly  in  an  activity  that  is  likely  to  continue  over 
a  period  of  years.  Some  projects  should  be  directed  toward  the 
immediate  solution  of  problems  that  are  generally  considered  im- 


*The  wisdom  of  tfcls  latter  declston  may  bo  open  to  question.  However,  that  It  was 
Implicit  In  nil  of  Use  planning  of  gunnery  research  should  bo  kept  Jn  mind  to  understand 
why  some  projects  received  much  attention,  others  little.  Thus  much  work  was  done  on 
phase  checks,  very  little  on  perceptual  problems  In  tbo  design  of  sight  reticles.  Phase 
checks  might  mean  better  gunnery  Immediately;  new  designs  of  sight  reticles  might  mean 
belter  gunnery  but  only  at  a  distant  date.  Further,  the  efforts  of  psychologists  were  diverted 
occasionally  from  psychological  research,  as,  for  Instance,  to  test  and  sponsor  a  simple 
device  which  would  eliminate  tho  chief  source  of  gun-stoppages  and  which  could  be  used  In 
combat  Immediately.  To  have  neglected  such  projects,  when  thero  was  no  ono  to  whom  they 
could  havo  been  given,  would  have  been  to  lose  sight  of  tho  ultimate  objective  of  the  war. 


portanfc  by  the  personnel  responsible  for  the  over-ail  activity. 
There  is  an  element  of  opportunism  in  this,  but  no  apologies  need 
be  made.  Such  short  term  projects  often  make  substantial  con¬ 
tributions  to  the  activity,  and  they  are  often  the  source  of  confi¬ 
dence  which  will  sustain  research  on  more  fundamental  problems. 
A  second  level  of  research  should  encompass  problems  that  study 
has  revealed  to  be  critical  to  the  ultimate  success  or  failure  of  the 
activity.  In  gunnery  research,  problems  of  instructor  selection, 
of  curriculum  planning,  of  criteria  of  proficiency,  of  adequacy  of 
training  devices,  were  of  this  nature.  Most  effort  was  devoted  to 
them,  and  they  were  thought  of  as  continuing  projects.  A  third 
level  of  research  should  concern  itself  with  problems,  the  solutions 
to  which  are  likely  to  introduce  fundamental  changes  in  the  ac¬ 
tivity  concerned  or  to  provide  basic  information  required  for  use 
in  solving  other  problems.  Studies  of  the  design  and  manner  of 
operation  of  equipment  are  examples  of  this  level  of  research,  in 
gunnery. 

Planning  and  Execution  of  Specific  Research  Projects 

Planning  for  specific  projects  varied  in  quality,  though  it  is 
believed  that  plans  were  formulated,  in  general,  with  adequate 
foresight  and  thoughtfulness.  The  development  of  achievement 
tests,  of  phase  checks,  of  the  Gunnery  Officers  Selection  Test;  the 
evaluation  of  several  training  devices;  the  study  of  the  adjust¬ 
ment  of  excombat  gunners ;  the  advisory  work  in  relation  with  the 
production  of  the  Gunner’s  Information  File  and  of  training 
films ;  the  assistance  given  in  the  planning  of  the  B-29  gunnery 
training  program ;  the  experimental  work  on  the  use  of  compen¬ 
sating  sights  for  support  fire;  the  program  developed  for  the  se¬ 
lection  of  gunnery  instructors,  and  perhaps  others,  are  believed 
to  have  been  planned  and  executed  with  satisfactory  competence. 
Other  important  projects,  notably  the  Pueblo  Project,  the  Eighth 
Air  Force  Project,  the  studies  of  the  proficiency  of  gunners  in 
three  theaters  of  operation,  while  falling  short  of  accepted  can¬ 
ons  for  experimental  work  were,  nonetheless,  of  undeniable  im¬ 
portance  in  improving  gunnery  training.  Their  planning  and 
execution  suffered  from  the  limitations  likely  to  arise  in  a  large 
research  project  carried  on  in  an  operating  program.  The  evalu¬ 
ations  of  the  Firing  Error  Indicator  and  of  the  Frangible  Bullet 
Trainer  were  limited  in  scope,  although  these  were  two  very  im¬ 
portant  training  devices.  The  studies  of  the  AFSAT  B-29 
Trainer,  due  primarily  to  confusion  in  authority ,  were  poorly  de¬ 
signed  A  number  of  minor  studies  were  started  and  not  pushed 
through  to  satisfactory  completion.  This  was  particularly  true 
of  the  development  of  personality  tests.  Perhaps  the  most  culp- 
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able  neglect  was  of  projects  pertaining  to  the  motivation  of 
gunners.  Efforts  were  made  to  initiate  work  in  this  important 
area,  but  little  was  accomplished.  On  the  credit  side  of  the 
ledger  would  be  several  projects  conducted  in  cooperation  with 
other  research  groups,  in  which  gunnery  psychologists  gave  as¬ 
sistance  in  the  planning  and  sometimes  in  the  execution  of  the 
work  done.  Notable  among  these  projects  was  a  large-scale 
evaluation  of  various  types  of  sights. 

The  Reporting  of  Research  Result* 

The  design  and  execution  of  research  projects  were  generally 
superior  to  the  reporting  of  the  results  of  the  work  done.  There 
were  two  identifiable  reasons  for  this.  The  first  was  that  reports 
were  written  for  two  audiences,  gunnery  training  personnel  and 
other  psychologists.  The  result  was  that  neither  group  was  com¬ 
pletely  satisfied.  The  second  was  that  the  writing  of  reports  often 
assumed  importance  secondary  to  the  immediate  application  of 
results  of  research  to  the  solution  of  a  problem.  Thus  it  would 
have  been  possible  to  make  a  dedsion  basic  to  the  formulation  of 
doctrine  for  support  fire  without  writing  up  the  results  of  related 
aspect  angle  studies.  Of  course,  neither  of  these  two  problems  is 
without  an  apparent  solution.  In  such  circumstances,  it  would 
probably  be  best  to  have  all  research  projects  written  up  in  com¬ 
plete  detail  for  a  scientific  audience  and  then  have  a  professional 
writer  rework  the  material  for  general  use.  The  second  problem 
can  be  solved  by  administrative  insistence  that  a  project  is  not 
completed  until  it  has  been  reported.  Some  of  the  sections  of 
this  final  report  reflect  the  inadequacies  of  the  original  reporting 
of  projects. 

By-products  of  Research  in  Applied  Psychlogy 

A  problem  related  to  the  planning,  execution,  and  reporting  of 
some  research  m  applied  psychology  has  to  do  with  an  outcome  of 
research  which  is  corollary  to  the  experimental  results  per  se. 
When  an  operating  training  program  is  studied  experimentally, 
the  most  significant  outcome  may  be  the  interest  which  the  stu¬ 
dents  and  supervisory  personnel  take  in  the  study.  Experimental 
work  is  no  longer  necessary  to  prove  that  increasing  motivation 
and  increasing  practice  will  probably  result  in  increased  learning, 
if  other  conditions  are  favorable.  But  such  experimental  work 
often  proved,  in  gunnery  research,  to  carry  conviction  which  no 
amount  of  persuasion  could  accomplish,  and  to  result  in  a  general 
tightening  of  instruction  which  would  spread  to  many  related 
activities.  Thus  the  Pueblo  Project,  which  added  nothing  to 
knowledge  of  psychology,  convinced  responsible  officers  that  the 
general  level  of  training  accomplished  in  the  training  air  forces 
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could  be  raised  appreciably.  The  gunnery  program  for  all  train¬ 
ing  air  forces  stations  wa3  consequently  revised  to  incorporate 
principles  of  training  which  had  long  been  established  but  which 
needed  the  conviction-carrying  results  of  an  experiment  done  in 
gunnery  itself. 


Meeting  the  Needs  of  the  Using  Agency 

A  prime  consideration  in  the  evaluation  of  an  applied  psychol¬ 
ogy  program  is  the  extent  to  which  the  work  done  meets  the  needs 
of  the  agency  concerned.  There  are  many  indications  that  psy¬ 
chological  research  in  gunnery  fulfilled  a  real  need.  The  rapid 
growth  of  the  research  organization  attests  this  in  part.  More 
convincing  is  the  fact  that  there  was  hardly  an  area  in  the  train¬ 
ing  of  gunners  which  was  not  influenced  at  least  to  some  extent 
by  the  outcome  of  research  and  developmental  work  to  which 
psychologists  contributed,  as  is  reflected  in  the  contents  of  the 
preceding  chapters.  A  corollary  problem  is  the  extent  to  which 
the  research  work  is  geared  temporally  to  the  demands  of  the  op¬ 
erating  agency.  Here  the  picture  is  not  so  clear.  Much  of  the 
work  done  in  research  was  paced  just  ahead  of  the  fully  recognized 
needs  of  training,  and  a  selling  of  research  results  was  necessary. 
For  instance,  the  instructor  selection  program  met  with  opposi¬ 
tion,  at  first,  though  the  high  quality  of  gunnery  instructors 
selected  by  the  program  later  became  a  source  of  pride  to  gunnery 
personnel.  On  the  other  hand,  demands  .were  often  made  by 
training  personnel  which  could  not  be  met.  The  tentative  form 
of  one  of  the  first  phase  checks  precipitated  a.  demand  that  phase 
checks  for  all  types  of  activities  be  prepared  by  a  certain  date.. 
The  date  set  appeared  reasonable  but  did  not  consider  the  time- 
consuming  process  of  preparing  and  testing  many  phase  check, 
items,  and  it  was  not  possible  to  meet  this  request  in  the  time 
allowed.  On  the  whole,  however,  it  is  believed  that  psychological 
research  in  gunnery  measured  up  fairly  well  on  this  criterion  of 
the  adequacy  of  a  research  program. 


Contributions  of  Enduring  Significance 

Finally,  the  question  should  be  asked  if  any  of  the  work  done 
could  be  considered  to  have  more  than  ephemeral  significance. 
By  this  most  rigorous  of  criteria,  the  gunnery  research  program 
falls  short,  insofar  as  specific  contributions  are  concerned.  The 
full  development,  in  phase  checks,  of  a  valuable  performance  test-. 
ini?  technique  might  be  considered  important.  The  studies  done 
orftrainhig^evhies  are  possibly  distinctive  by  virtue  «T ^com¬ 
prehensiveness,  but  the  devices  themselves  L-tve  such  limited  use 
that  this  work  may  best  be  considered  for  its  wartime  applications. 
Some  of  the  studies  on  use  of  sights  may  pro*  ide  suggestions  for 


further  research  on  fundamental  problems  of  visual  perception. 
The  training  programs  developed  and  evaluated  may  have  long 
range  value  as  illustrations  of  the  effective  application  of  prin'. 
ciples  which  have  long  been  recognized  as  sound.  Nothing  new 
was  added  to  knowledge  of  selection  procedures,  an  adequate  job 
simply  having  been  done  to  meet  an  immediate  need.  Thus  it 
seems  accurate  to  say  xhat  few  of  the  specific  findings  of  gunnery 
research  are  of  enduring  importance. 

However,  in  the  research  program  as  a  whole  there  can  be 
found  a  pattern  for  the  cooperative  work  of  scientists  in  varied 
fields,  a  pattern  which  should  certainly  be  given  careful  considera¬ 
tion  for  its  significance,  which  may  possibly  be  fundamental.  In 
gunnery  research,  men  of  varied  training  and  interests  combined 
their  efforts  in  seeking  solutions  to  a  complex  problem,  a  problem 
which  had  at  its  core  the  functioning  ability  of  large  numbers  of 
people.  The  tradition  of  isolation  of  scientific  groups,  which  is 
frequently  reflected  in  the  organization  of  university  staffs, 
civilian  research  groups,  and  Army  research  programs,  gave  way 
to  a  program  calling  for  joint  endeavor  in  which  activities  were 
determined  primarily  by  the  nature  of  the  problem  rather  than 
by  the  special  research  interests  of  .the  men  involved.  It  is  be¬ 
lieved  that  some  of  the  more  urgent  of  current  problems,  which 
essentially  involve  the  behavior  of  large  numbers  of  people,  may 
best  lend  themselves  to  solution  by  the  cooperative  work  of  many 
kinds  of  specialists.  ,  • 
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Table  2.— Validity  coefficient  a  paint  t  3  criteria  for  38  test  administered  to 
gunnery  student  (various  gunnery  schools,  Scptember-December  !9iS)1 


Test 

Code 

N. 

Acndemlc 

avorag* 

around- 
to. ground 
firing 

Qualifying  examination _ ... — -- — 

AC10A 

Part  I— — _ _ 

284 

0.47*  • 

n  u* 

Part  H _ —  _ -  — 

234 

,62*# 

it 

p«rr  rtr  . .  .  —  . 

282 

•25” 

a16#* 

Part  IV _ _ _ _ 

284 

JiO»* 

Part  V  .  _ _ 

284 

.42** 

Pari  VI  . . 

284 

.51** 

.15* 

Memory  for  plane  silhouettes - 

CI503A 

248 

.20** 

.14* 

Plane  name  memory _ _ 

CI608A 

248 

.23** 

.25  •• 

Memory  for  names - 

LV3C 

250 

.44“ 

.10 

Judgment  In  aiming - 

LVOA 

124 

.16 

.05 

Reading  comprehension - 

CIG18A 

248 

.23  •• 

.00 

Heading  comprehension - 

LAMB 

228 

.37“ 

—01 

Speed  of  Identification - - 

CP810A 

148 

.27“ 

.14 

•  Speed  of  Identification - 

FTC 

318 

.21“ 

.08 

Speed  of  perception - 

LV5B 

115 

.24“ 

.08 

LV7A 

123 

.19* 

.10 

Estimation  of  angle  of  approach - 

L.V8A 

121 

.08 

.14 

Quantitative-  perception  III' (total  3 

scores) _  —  -  - 

_ — _ _ 

248 

.17* 

.16* 

Quantitative  perceptional!  (total  4 

248 

.21“ 

.20*  • 

Shorter  line _ 

CPG08A 

248 

.01 

.07 

Shortest  path -  —  - 

CPG03A 

250 

.11 

Nearest  point  _  -  - 

CP607A 

250 

.15* 

.02 

Map  distance _ . _ 

CP626A 

250 

—.02 

—08 

Map-pcth  distance _ _ 

CP828A 

248 

.10 

.12 

Pattern  comprehension _  _ 

CP803A 

315 

.23“ 

—11 

Pattern  assembly _ 

CP804A 

315 

.17*  • 

.01) 

Judgment  of  proportions _ 

CP206A 

250 

.28** 

.03 

Judgment  In  aiming _ 

LV6B 

120 

.14 

124 

.16 

-.05 

Spatial  orientation _ 

CP501A 

272 

.20** 

.14* 

Directional  orientation - 

FTQ 

313 

.41“ 

.00 

Instrument  comprehension  -  —  ■ 

CI618A 

250 

.17  •• 

■  .01 

Inventory: 

245 

-.17" 

06 

—.09 

245 

.01 

Opnersl  mniillty 

245 

.04 

' _ 04 

Masculinity-feminity  .  . 

245 

.13* 

—.05 

Nervousness  „  ’  —  — 

245 

—08 

•  —.05 

Numerical  approximation..  -  — 

CI706A 

.27 

—02 

Numerical  operations - • - 

CI702B 

225 

.27“ 

.09 

CI702F  ’ 

.24 

.04 

Mathematical  proportions - 

IiVlB 

230 

.42“ 

.14* 

Technical  vocabulary - 

CE505Cr 

270 

.20“ 

•Cl 

P402A 

250 

.38  •• 

.08 

Mechanical  principles - 

CI903A 

275 

.08 

.14* 

Mechanical  Information - 

CI905A 

.07 

Tool  function—  —  - 

CI906A 

120 

.12 

CI907A 

121 

.17 

.06 

Mechanical  movements - 

CI904A 

248 

.33“ 

.16* 

. 

121 

.11 

.23*  • 

Alr-t*. 

air 

firing 


0.06 

.00 

.14* 

.01 

.01 

.00 

.27* 

.19* 

.15 

.03 

.12 

.01 

.10 

.08 

.02 


.08 

.19** 

.03 

.07 

.03 

.00 

.14* 

.14* 

.03 


.03 

.18** 

.04 

.02 

-.12 

.14* 

.08 

.05 

-.03 

.04 

.03 

.05 

:oo 

.14* 
-.05 
.24*  • 


.15* 


iFor  the  YtlldUy  coefficients,  the  number  of  times  In  100  that  a  coefficient  as  large  as 
each  one  obtained  would  he  expected  to  arise  by  chance  Is  Indicated  by  the  following  system: 
No  asterisk:  more  than  5  times  In  100. 

•Between  1  and  5  times  In  100. 

**Lc3s  than  1  time  In  100.  '  ! 
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Table  3. — Reliability  and  validity  coefficients  of  experimental  tests  from 
which  parts  of  aptitude  test  for  aerial  gunners,  ACSOA,  were  drawn  (va¬ 
rious  gunnery  schools,  Scptembcr-Deccmbcr  1942) 


Exploratory  tuts 

ACSOA 

Name 

Relia¬ 
bility  > 

Validity 

Designa¬ 
tion  of 
part 

D 

Academic 

grades 

Ground 

range 

scores 

Air- to* 
air.. 

Mathematical  proportions - 

Memory  for  names - 

Plane-name  memory,  (V306A_. 
Ounnory  mathematics..  - — . 

<?unnory  Interest _ —  — 

Gunnery  learning - - - 

Gunnery  technical  vocabulary. 
Mechanical  principles,  CI903A 
Speed  of  Identification, CP610A 

.  0.87 

.92 
.82 
.04 
.80 
.80 

230 

230 

248 

012 

.2.3 

.31 

.40 

.41 

.40 

.03 

.27 

o;t4 
.11 
.25 
1.2 
/* 7 
.08 

0.06 

.15 

.10 

.04 

.22 

VA 

II  B 

II 

V  B 

I 

hi  a.  a 

IV 

VI 

.14 
.24 
.  .10 

— 

276 

148 

.14 

.14 

iTho  population  and  method  of  computation  of  the  reliability  coefficients  reported  ere 

^Whew  N  Is  omitted,  the  values  reported  for  the  validity  coefficients  are  based  on  from  i 
to  18  classes.  Where  more  thaii  one  value  ™  available,  tho  median  was  used. 


Table  4. — Summary  of  available  intercon'elations  among  Army  General  Clus-. 
sification  Test  scores  and  scores  of  nine  tests  used  in  Developing  Aptitude 
test  for  Aerial  Gunners,  ACSOA  (various  classes,  Tyndall  and  Las  Vegas; 
September-Decsmber  1942,  N  is  unknown) 


Intercorrelitlona 

Name  aud  origin  of  tests 

Test  number 

• 

4 

5 

7 

9 

10 

Developed  at  La*  Vega* 

1.  Mathematical  proportions.. - 

0.33 

0.15 

- 

_ 

B 

—  ..  - - 

B 

0.17 

.42 

0.4T 

.41 

2.  Memory 'or  names - 

3.  Plane  name  memory - ; - 

Developed  at  Tyndall 

4.  Gunnery  mathematics - - - 

5.  Gunnery  Interest - 

.15 

^30 

■ 

■ 

0.29 

— 

0.22 

.60 

.35 

.87 

.15 

.41 

^8 

.50 

6.  Gunnery  learning- - — — - 

7.  Gunnery  technical  vocabulary— 

Cadet  Classification  Test* 

8.  Mechanical  principles,  CI003A. 

9.  Speed  of  Identification.  CP610A 

Army  Classiflco  '.ion  Test 

10.  - - 

-.17 

.47 

"Xi 

.41 

".22" 

.35 

.35 

— 

.14 

.14 

.2* 

.25 

‘  .41 

.50 

.50 

_ 

.22 

.25 

f  . 


703326 — 47—31 
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Table  5. — Jntercorrelations  among  tests  in  Experimental  Test  Battery  (Claee  44—4 >'  Buckingham,  N — BCG,  January  19U) 


Table  7 Validity,  coefficients  for  strength  of  interest ,  various  itaninoi.  Ca¬ 
det  Selection  Tests,  and  age  against  each  of  four  gunnery  criteria 
Class  4 3 — 48.  Buckingham .  December  1943)  ‘  * 


Test 

Code 

No. 

Mean 

SD 

Final 

exami¬ 

nation 

Jam- 

Handy 

Percent 

hits 

ground 

range 

Percent 

hits 

air-to- 

aSr 

firing 

Sir.  of  Int-B _ _ _ 

6.2 

2.0 

— 0.20»» 

0,13 

_0.02 

AAJ 

Str.  of  Int-N- 

7.1 

1.8 

—.,08 

_,io 

,05 

A* 

Str.  of  Int-P 

8.4 

1.1 

*07 

lii) 

1 A 

21.7 , 

2.4 

*12 

07 

05 

i*r« 

5.9 

1.8 

.47 

.08 

A7 

1  K#« 

>1, 

7.1 

1.4 

.25*# 

;i5 

00 

11 

P.  -  .  .  .  .  .. 

4.9 

2.0 

— lii 

*1 A 

Any,  P,  »t«nlnei 

'  6.0 

2.1 

,52*» 

— 

,18 

Comp,  coord - 

CM701A 

48.5 

10.8 

.40** 

-;i5 

.04 

,05 

Disc,  react,  time - 

CP611D 

26.8 

4.4 

.27*» 

.01 

—.03 

.08 

2-hand  coord. - 

CM101A 

46.7 

10.7 

.37  •♦ 

—.05 

.07 

.OP 

Rot.  pur _ 

CM803A2 

23.7 

5.2 

.11 

.04 

.07 

.12 

Aim.  str..  — 

craiiA 

46.6 

11.4 

—.18* 

.04 

—.08 

—.18* 

King.  dext.  —  -  - 

C? 116A 

61.1 

10.5 

.03 

—.06 

.07 

—.08 

Tech.yoc.-B_ 

CEG05C 

19.3 

7.1 

.31  •• 

—.07 

.16* 

.25** 

Tech,  toc.— B 

CEG05C 

6.0 

3.2 

.22»» 

.07 

.08 

.16* 

Tech.  toc.-N - 

CE5050 

19.7 

7.4 

.14 

—.03 

.08* 

.15* 

Sd.  Ident 

CP610A 

16.2 

3.9 

.24** 

.02 

—.02 

.03 

Mech.prln 

CI903A 

64.5 

20.1 

.46** 

-.17 

.06' 

.11 

Math.  ,> _ 

CI702E 

39.6 

14.0 

.14 

—.16 

-.02 

.02 

Math.  B._ 

CI708A 

47.6 

14.0 

.15* 

-.12 

.01 

.05 

Spatial  orient  I _ 

CP501B 

58.4 

10.7 

.30** 

.08 

.01 

.18* 

Spatial  orient.  II 

CP503B 

20.4 

6.3 

.16« 

—.02 

.09 

.14 

Read,  comp - 

CI814Q 

25.4 

12.2 

.41** 

—.23 

—.01 

.15* 

Mech-  Info 

CI905A 

10.3 

8.1 

,36*# 

—.15 

.06 

,15® 

Num.  oper.-P 

CI720B 

22.6 

6.6 

—.09 

.01 

-.02 

.05 

Num.  oper.-B 

CI702B 

20.1 

6.6 

—.08 

.02 

—.15* 

—.03 

D.  T.  Read - 

CP622-21A 

35.6 

8.8 

.17» 

—.01 

.01 

.13 

28.2 

5,1 

20.9 

13.2 

«h 

7.1 

2.0 

6.7 

305  - 

1  Poaltlra  coefficients  Indicate  that  "goodness”  ot  performance  on  one  test  Is  associated 
with  "goodness"  of  performance  on  the  other. 

The  number  ot  times  In  100  that  a  coefficient  as  large  as  each  one  would  he  expected  to 
arise  by  chance  is  Indicated  by  the  following  system: 

No  asterisk,  more  than  5  times  in  2.00.  . 

•Between  1  and  5  times  In  100. 

••Less  than  1  time  in  100. 
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APPENDIX  C 

Standardized  Phase  Checks:  Strip- . 
ping  and  Assembly  of  the  Caliber 
.50  Machine  Gun  (Nov.  1944  . 
Edition) 


DIRECTIONS  FOR  ADMINISTERING  AND  SCORING 


1.  To  the  Phase  Checker 


'  In  order  to  be  certain  that  graduates  from  each  of  the  gunnery 
training  units  all  over  the  world  are  equally  proficient,  it  is  nee-.' 
essary  that  each  gunner’s  proficiency  be  measured  by  the  same 
phase  check  given  under  the  same  conditions.  Also,  to  be  sure 
that  the  gunner  is  retaining  what  he  has  learned  throughout  the  . 
various  phases  of  his  training  and  duty,  it  is  necessary  to  check 
him  at  each  phase  of  training  and  duty  on  the  same  phase/check, 
in  the  same  way,  and  under  the  most  similar  conditions  possible. 
That’s  what  is  meant  by  STANDARDIZATION  of  phase  checks.  Ha'- 
phase  check  is  to  be  fair  and  accurate,  it  has  to  be  given  carefully 
and  in  a  uniform  manner.  Every  time  you  give  a  phase  check,  __ 
you  should  give  it  exactly  as  it  is  given  by  other  phase  checkera  • 
throughout  the  Air  Forces.  T*e-  directions,  in  this  book  are 
complete-know  them  thoroughly  and  stick  to  them,  word  for  , 

word.  - 

2.  Phase  Check  Equipment  and  Conditions 

A.  To  give  this  phase  check  as  it  is  written  the  following 
equipment  is  needed :  r  ■  . 


1)  This  phase  check  booklet.  . 

2)  Enough  copies  of  the  Phase  Check  Score  Sheet. 

■ n \  _ .avumIa^a  ooUbar  KfV  machine  crin* 


(3) 

(4) 

(5) 


•Einougn  cupieo  Vi  Hie  — — 

One  complete  caliber  .50  machine  gun.  ,  ,. 

•One  -work-box  for  the  gunner,  in  which  he  will  place  the  dis- 
•  assembled  parts  until  he  starts  assembling  the  gun  (optional). 

[ winter  flying  gloves  or  their  equivalent 

giving  a  phase  check. 
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(10)  A  reliable  watch  or  largo  clock  in  view. 

(11)  A  set  of  broken  parts.  Do  not  use  the  same  defective  part  for  two 

successive  gunners  or  for  two  working  dose  to  each  other. 

B.  Besides  complying  with  the  directions  concerning  checking 
conditions  given  in  the  main  body  of  the  phase  check,  be  sure  to 
'observe  the  following  conditions  also: 

(1)  Do  not  administer  the  phase  check  to  more  than  one  gunner  at  any 

one  time. 

(2)  Take  a  position  near  the  gunner  so  you  can  observe  everything  he 

does. 

(3)  Never  leave  the  immediate  vicinity  of  the  worktable  between  the 

start  and  finish  of  the  work  of  any  gunner.  It  is  necessary  for 
you  ;to  observe  closely  each  man  while  he  disassembles  and 
assembles  the  gun. 

(4)  If  more  than  one  gunner  works  at  a  table,  see  that  each  has  enough 

space  so  that  neither  will  be  in  the  other’s  way  or  will  get  his 
gun  parts  mixed  from  hi3  neighbor’s  gun. 

(5)  Bolt  or  fasten  securely  each  gun  to  the  worktable. 

(6)  Keep  the  test  room  as  quiet  as  possible. 

(7)  Check  each  item  as  the  gunner  performs  it.  Unless  you  continue 

using  the  booklet  as  you  phase  check,  you  will  begin  gradually  to 
give  your  own  phase  check  instead  of  a  standardized  one. 

3.  Administering  the  Phase  Check 

A.  On  pages  1  through  9  of  this  booklet,  detailed  directions  for 
administering  the  phase  check  are  presented.1  Follow  them 
word  for  word. 

B.  Say  nothing  to  the  gunner  that  does  not  appear  within  quo¬ 
tations  marks  (”)  on  pages  1  through  9.  '  For  your  convenience, 
these  statements  are  in  prominent  type  so  they  can  readily  catch 
your  attention. 

C.  Record  all  data  regarding  the  gunner’s  performance  on 
the  Score  Sheet,  and  be  certain  that  the  gunner  fills  out  completely 
all  information  about  his  background  on  the  front  and  back  of  the 
Score  Sheet.  As  soon  as  this  has  been  filled  in  on  the  Score  Sheet, 
insert  the  Score  Sheet  into  this  booklet  after  page  5  and  turn  to 
page  1.  A  portion  of  the  Score  Sheet  with  numbers  and  blanks 
corresponding  to  the  numbers  of  the  phase  check  items  on  page  1 
will  be  visible  at  the  right.  Starting  with  page  6  turn  the  Score 
Sheet  over.  The  portion  of  the  Scpre  Sheet  with  numbers  and 
blanks  will  now  be  visible  at  the  left.  As  the  gunner  performs 
each  item,  mark  him  on  that  item  as  follows,  on  the  Score  Sheet 
on  the  line  opposite  the  number  of  each  item : 

(1)  Mark  zero  (0)  if  he  does  not  perform  the  operation  satisfactorily. 

(2)  Mark  a  check  mark  ( V )  if  he  does  it  satisfactorily. 

(3)  If  for  any  reason  an  operation  must  legitimately  be  omitted  by  the 

gunner,  do  not  record  anything  opposite  the  number  of  that  item, 
but  draw  a  line  through  the  number  of  the  item  itself  (2). 

D.  The  time  a  gunner  takes  to  complete  a  job  is  important. 

*Pngo  numbers  refer  to  those  printed  In  laige  type  on  original  booklet  Pages  1  through 
■9  correspond  to  477-488. 
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To  get  this  measure  of  his  skill,  mark  in  the  appropriate  place  ' 
on  the  Score  Sheet:  .  _  ...  . 

(1)  Time  started  field  strip.  ■  ’• 

(2)  Time  finished  field  strip.  ;  .  . 

(3)  Total  field  strip  time.  *  . 

(4)  Time  started  detail  strip.  .  ,  ■  ■  ’  . 

(6)  Time  finished  detail  strip.  . 

(61  Total  detail  strip  time. 

(7)  Total  time,  field  strip  plus  detail  strip. 

B.  If  a  gunner  makes  an  error,  briefly  describe  the  error,’  under 
the  “Description  of  Errors”  section  of  the  Score  Sheet.  (Exam¬ 
ple  :  “Item  92,  placed  belt  switch  in  wrong  direction  for  left-hand 
feed.”)  Use  back  of  sheet  for  additional  entries  if  necessary. 
Identify  each  entry  by  the  number  of  the  item  to  which  it  refers. 

F.  If  a. gunner  performs  an  operation  satisfactorily,  but  seems ' 
to  be  slpw  or  weak  on  that  particular  operation,  describe  that 
weakness  under  the  heading  “Describe  all  Weaknesses”  on  the 
Score  Sheet.  (Example:  “Item  92,  placed  bolt  switch  in  correct 
position  for  left-hand  feed,  but  seemed  to  debate  about  it  for 
some  time — not  sure  of  it.”)  Items  reported  in  this  section  vail - 
not  affect  his  grade  on  the  test  .  ; - 

G.  Never  assist  or  coach  the  gunner  except  to  pick  up  any  part 
that  falls  to  the  floor  and  place  it  on  the  table  or  in  the  work-box. 

H.  A  headspace  gage  will  be  used  to  check  headspace  adjust¬ 
ments.  A  combination  tool,,  combination  wrench,  screw  driver, 
nail  or  cartridge  may  be  used  for  all  other  operations.  A  worn 
or  unserviceable  firing  pin  may  be  used  to  replace  the  sear  spring. 
Otherwise,  parts  of  the  gun  will  not  be  used  as  tools. 

I.  If  a  gunner  makes  any  errors,  explain  his  mistakes  to  him . 
as  sodn  as  possible  after  the  phase  check  is  completed,  except  as 
indicated  in  Items  18  and  99.  If  a  gunner  fails  the  phase  check, 
he  should  have  an  opportunity  to  study  and  practice  before  taking* 

a  recheck.  *  . 

J.  Even  though  it  becomes  obvious  that  the  gunner  will  fail  to 
pass  while  he  is  still  working  on  the  gun,  allow  him  to  complete 
the  entire  phase  check  procedure.  Do  not  tell  him  that  he  has 
failed  until  he  has  completed  the  check.  For  example,  if  a  gun¬ 
ner  does  the  field  strip  in  12  minutes,  he  has  failed  the  phase 
check,  but  should  go  ahead  with  the  detail  strip. 

4.  Scoring 

Grade  on  a  five-point  scale— five  (5)  being  the  best  score  and 

one  (1)  being  a  failing  grade.  .  • 

A  If  a  gunner  does  not  perform  the  field  stiip  within  eight 
(8)  minutes,  or  the  detail  strip  within  thirty  (30)  minutes,  give 
him  an  automatic  grade  of  one  (1). 
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B.  If  a  gunner  makes  no  errors  and  completes  both  the  field 
strip  and  the  detail  strip  within  the  allotted  time,  mark  him  by 
means  of  the  conversion  table  on  page  V 3.  For  example,  if  a 
gunner  completed  the  entire  phase  check  in  26  minutes  (6  min¬ 
utes  for  the  field  strip  and  20  for  the  detail  strip)  and  made'  four 
errors,  give  him  a  score  of  2.  Or  if  he  required  a  total  of  23 
minutes  (19  for  the'  detail  strip  plus  4  for  field  strip)  with  no  er¬ 
rors,  give  him  a  score  of  5. 

C.  Place  the  gunner’s  final  score  in  the  space  provided  for  it 

S.  Caution  :  '  • 

Remember,  if  your  phase  check  is  to  be  fair  and  accurate,  you 
must  follow  all  directions  exactly. 


SCORING  TABLE 


TOTAL  TIME: 

In  Minutes,  Field  Strip  Plus  Detail  Strip. 


Under  25 

25-29 

30-34 

35-39 

40  or  over 

0  . 

5 

'  4 

8 

\ 

2 

1 

.1 

4 

3 

3 

2 

1 

2 

3 

3 

*  t 

3 

,  2 

1 

8 

3 

3 

2 

2 

1 

4 

.  2 

» 

2 

.2 

2  • 

1 

5. 

2 

2 

i 

2 

1 

1 

6 

2 

1 

i 

1 

1 

7  . 

1 

1 

i 

t 

1 

1 

6.  Field  Strip  and  Assembly 

A.  Fill  in  ,or  have  the  gunner  fill  in,  his  name,  field,  weapons 
instructor,  the  date,  etc.,  in  the  appropriate  spaces  on  the  Score 
Sheet  •  • 


*  Pago  V  correspond*  to  this  page. 
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8Unn”  and  check  40  see  that  the  Wtadtold  Is 

M»  v,U  ^  g“n,ner  Can  see  nolhIn«-  Then  MP  him  put  on 
his  winter  flying  gloves. 

Observe  the  gunner  to  see  if  he  is  unusually  nervous  or  ill-at- 

ease.  o  anything  possible  to  put  him  at  east  before  starting  him 
on  the  phase  check. 

Tell  the  gunner :  “field  strip  your  gun.  no  adjustments  will 
be  necessary."  As  he  starts,  put  down  the  exact  time  he  begins 
in  the  space  provided  for  that  purpose  on  the  Score  Sheet. 
Watch  to  see  that  he: 

*  a 

*  i  »  * 

(1)  Raises  cover  and  checks  feedway. 

(2)  Charges  gun  twice  properly,  making  sure  cover  is  closed.  (Mark 

a«  error  if  cover  is  left  up.) 

m  RpmntAUrft  Pirts,  a$e,in  bat£erv  position  before  removing  backplate. 
(4)  Removes  the  backplate.  (Mark  an  error  if  he  fails  to  remove  the 
drivmg  spring  rod  assembly  completely  from  the  bolt  group 
before  removing  the  bolt  group.) 

};]  Removes  the  bolt  stud,  and  removes  the  bolt  group  .  • 

(6)  Rotates  cocking  lever  to  the  rear.  (Mark  an  error  if  he  depresses 
sear  before  doing  this.)  * 

Releases  the  firing  pin  by  depressing  the  sear.  . 

,8)  depresses  oil  buffer  body  spring  lock.  (Mark  an  error  if  he  pulls 
/O'.  01V buffer  group  before  doing  this.)  • 

«  3  buffer  and  oarrel  groups  part  'way.  •' 

(10)  Separates  oil  buffer  and  barrel  groups. 

(11)  Removes  barrel  group  from  casing. 

B.  When  he  has  performed  these  operations,  tell  him :  “assem¬ 
ble  YOUR  GUN,  AND  NOTIFY  ME  AS  SOON  AS  YOU  ARE  FINISHED. 
NO  ADJUSTMENTS  WILL  BE  NECESSARY."  Watch  to  see  that  he : 
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(12)  Inserts  barrel  group  part  way  into  casing  group  and  then  lock* 

the  oil  buffer  group  to  the  barrel  extension.  (Mark  an  error  if 
he  fails  to  check  engagement  of  piston  rod  hook  and  barrel 
l  extension  shank  hook  by  pulling  on  the  oil  buffer  tube.) 

(13)  Replaces  them  in  the  gun  with  oil  buffer  group  and  barrel  exten-  . 

sion  protruding.  (Mark  an  error  if  he  locks  the  oil  buffer' and 
barrel  groups  into  the  casing  before  replacing  the  bolt  group  in 
the  barrel  extension.) 

(14)  Replaces  the  bolt  group  in  barrel  extension.  • 

(15) .  Replaces  driving  spring  rod  assembly  in  bolt  group, 

(16)  Pushes  recoiling  parts  forward  until  oil  buffer  body  spring 

lock  engages  completely.  ■  . 

(17)  Replaces  bolt  stud.  (Mark  an  error  if  he  uses  driving  spring  rod 

assembly  to  position  the  bolt  group.)  *  .  . 

(18)  Pushes  the  recoiling  parts  into  battery  position,  using  the  bolt 

stud  or  charging  handle.  (Mark  an  error  if  he  uses  the  driving 
spring  rod  assembly  to  accomplish  this.) 

Allow  the  guner  to -make  the  error  of  placing  the  bolt  group  in 
the  casing  with  the  cocking  lever  to  the  rear.  If  he  does  this, 
stop  his  time  immediately  and  say  to  him:  “you  have  placed  thi 

BOLT  IN  THE  CASING  WITH  THE  COCKING  LEVER  TO  THE  REAR.  YOUB 
TIME  IS  STOPPED.  REMOVE  YOUR  BLINDFOLD  AND  GLOVES  AND  TAXI 
OUT  THE  BOLT  WITHHOUT  ROTATING  THE  COCKING  LEVER  FORWARD.*' 
(Assistance  may  be  given  the  gunner  on  these  steps  if  necessary.) 
When  bolt  is  removed,  check  the  position  of  firing  pin  extension 
notch  and  sear  notch,  to  ascertain  whether  or  not  cocking  lever 
was  originally  positioned  properly.  If  the  notches  are  not  en¬ 
gaged,  mark  an  error.  .If  they  are  engaged,  do  not  mark  an 
error.  Say  to  the  gunner:  “replace  your  -lindfold  and  gloves. 


I 
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WHEN  YOU  ARE  READY,  LET  ME  KNOW,  AND  I  W:LL  8TART  YOUR  TIME 
AGAIN.” 

(19)  Engage*  driving  spring  rod  retaining  pin  in  the  driving  spring 

rod  retaining  pin  recess. 

(20)  Replaces  the  backplate.  (Mark  an  error  if  the  backplate  is  not 

securely  fastened.) 

(21)  Closes  the  cover. 

(22)  Hand-charges  the  gun. 

(23)  Releases  the  firing  pin  by  depressing  the  trigger. 

&  As  soon  as  the  gunner  indicates  that,  he  i3  finished,  record 
the  time  on  the  Score  Sheet 

D.  As  soon  as  the  guner  has  completed  these  operations  (sat¬ 
isfactorily  or  not) ,  remove  his  gloves  and  blindfold  and  go  on  to 
the  detail  strip. 

7.  Detail  Strip 

A.  Tell  the  gunner:  “you  will  now  detail  strip  the  gun. 

STRIP  EACH  GROUP  AS  YOU  REMOVE  IT.  DO  NOT  REMOVE  THE 
COVER,  all  right,  GO  AHEAD.”  As  he  starts,  put  down  the  exact 
time  in  the  proper  space  on  the  Score  Sheet.  Watch  to  see  that 
he:  • 

(24)  Raises  cover  and  checks  feedway. 

(25)  Charges  gun  twice,  making  sure  cover  is  closed.  (Mark  an  error 

if  cover  is  left  up.) 

,  (26)  Make  sure  parts  are  in  battery  position  before  removing  back¬ 

plate. 

(27)  Removes  the  backplate.  (Mark  an  error  if  he  starts  to  disassemble 

the  cover  group  first.) 

(28)  Removes  the  driving  spring  rod  assembly  completely  from  the  bolt 

group.  (Mark  an  error  if  he  removes  the  bolt  group  from  the 
casing  before  doing  this.) 

(29)  Removes  the  bolt  stud  and  removes  the  bolt  group. 

(30)  Rotates  cocking  lever  to  the  rear.  (Mark  an  error  if  he  depresses 

sear  before  doing  this.) 

(31)  Releases  firing  pin  by  depressing  sear. 

(32)  Removes  extractor  assembly. 

(33)  Removes  the  bolt  switch. 

(34)  Removes  bolt  switch  stud,  if  it  can  be  removed  by  fingers. 

(35)  Removes  cocking  lever  pin  and  cocking  lever. 

(36)  Removes  sear  stop  assembly. 

(37)  Removes  scar  slide." 

(3G)  Removes  sear  and  sear  spring. 

(39)  Removes  and  separates  the  firing  pin  assembly. 

(40)  Depresses  oil  buffer  body  spring  lock.  (Mark  an  error  if.  he  pulls 

on  oil  buffer  group  before  doing  this.) 

(41)  Pulls  out  the  oil  buffer  and  barrel  groups  part  way. 

(42)  Separates  oil  buffer  and  barrel  groups. 

(43)  Starts  to  disassemble  oil  buffer  group.  (Mark  an  error  if  he 

starts  to  disassemble  any  other  group  first.) 

(44)  Removes  the  oil  buffer  tube.  (Mark  an  error  if  he  removes  either 

the  tube  lock  or  accelerator  before  doing  this.) 

(45)  Removes  the  oil  buffer  tube  lock.  (Mark  on  error  if  he  removes 

■  the  accelerator  before  doing  this.) 

(46)  Removes  the  accelerator. 

(47)  Starts  to  disassemble  the  barrel  group  next.  (Mark  an  error  if 

he  starts  to  disassemble  any  other  group  next.) 

(48)  Separates  the  barrel  and  barrel  extension.  , 

(49)  Removes  the  breech  lock. 

'(50)  Starts  to  disassemble  the  cover  group  next.  (Mark  an  error  if  he 
starts  to  disassemble  the  casing  group  next.) 
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1. 


HE- 


(51) 

(52) 

(53) 


(54) 

(65) 

(60) 

(57) 

(68) 


Removes  tho  belt  feed  lever,  preventing  the  spring  from  jumping.  ’ 

Removes  tho  belt  feed  lever  plunger  and  spring. 

Removes  the  belt  feed  slide  assembly  and  disassembles  It,  pre¬ 
venting  the  spring  from  jumping.  (Mark  an  error  if  he  fails 
to  perform  either  of  these  operations.) 

Removes  cover  latch  spring. 

Removes  cover  extractor  spring.' 

Removes  the  belt-holding  pawl  pin,  belt-holding  pawl  and  springs, 
preventing  the  springs  from  jumping. 

Removes  the  cartridge  stops  and  link  stripper. 

Removes  the  trigger  bar. 


8.  Assembly 


4.  When  the  gunner  has  performed  all  operations  up  to  this 
point,  first  check  to  make  sure  that  the  gun  is  completely  stripped, 
and  then  have  him  turn  his  back  while  you  do  the  following 
things:  § 

1.  Mix  up  the  disassembled  parts  thoroughly. 

2.  Substitute  three  broken  parts  for  any  good  parts. 

3.  Turn  the  buffer  adjusting  screw  so  that  it  is  too  loose.  '  . 


At  any  point  during  the  assembling  of  the  gun,  but  before  he 
attempts. to  place  these  parts  in  their  proper  groups,  require 
the  gunner  to  report  each  broken  part  by  its  proper  name  and 
show  what  is  broken.  Make  a  record  of  the  gunner’s  handling 
of  the  broken  parts  under  items  113,  114  and  115.  Give  the 
gunner  a  good  part  to  use  in  assembling  the  gun.  If  the  gunner 
claims  a  good  part  is  defective,  mark  an.  error.  Blanks  number 
116,  117  and  118  have  been  provided  in  the  last  column.  These 
blanks  are  there  for  this  purpose  only,  do  not  mark  an  error 

FOR  A  FAILURE  TO  ASSEMBLE  ANY  FART  OF  A  GROUP  CORRECTLY,  IF 
THE  GUNNER  CORRECTS  THE  ERROR  BEFORE  STARTING  TO  ASSEMBLE 
THE  NEXT  GROUP.  - 

B.  Tell  the  gunner:  “you  will  now  assemble  the  gun.  in 

DOING  SO,  YOU  ARE  TO  CHANGE  THE  DIRECTION  OF  FEED  TO  FEED 
from  the  right”  (or  left — specify  direction  of  feed),'  “AND 


MAKE  ALL  NECESSARY  ADJUSTMENTS.  IN'  ADDITION,  I  HAVE  PUT 
IN  THREE  PARTS  THAT  ARE  BROKEN.  YOU  MUST  FIND  THESE 
BROKEN  PARTS  BEFORE  YOU  ACTUALLY  PUT  THEM  IN  THEIR  PROPER 
PLACES  IN  THE  GROUPS;  HAND  THEM  TO  ME  AND  NAME  THEM. 
YOU  MUST  FOLLOW  THE  ORDER  OF  ASSEMBLY  OF  GROUPS  TAUGHT  IN 
THE  WEAPONS  COURSE..  IS  THIS  CLEAR?” 

(Repeat  these  directions,  if  necessary.)  •  ' 

“YOU  WILL  ASSEMBLE  THE  GUN  BY  GROUPS,  AND  AS  YOU  COMPLETE 
EACH  GROUP  YOU  WILL  REPLACE  IT  IN  THE  GUN.  SORT  OUT  ALL 
PARTS  BY  GROUPS  BEFORE  YOU  START,” 

Watch  to  see  that  he: 


(59)  Begins  to  assemble  the  casing  group.  (Mark  an  error  if  he  begin* 

to  assemble  any  of  the  remaining  groups  first.) 

(60)  Replaces  the  trigger  bar. 
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(61)  Replaces  the  cartridge  stops  and  line  stripper  on  the  correct  side 

In  their  proper  positions. 

(62)  Replaces  the  belt-holding  pawl  springs  and  belt-holding  pawl  on 

the  correct  side, 

(63)  Begins  to  assemble  the  cover  group.  (Mark  an  error  if  he  begins 

to  assemble  any  other  group  first.) 

(64)  Replaces  the  cover  extractor  spring. 

(85)  Replaces  the  cover  latch  spring. 

(66)  Joins  belt  feed  pawl  and  pawl  arm*  with  pawl  arm  on  correct  side. 
'  (67)  Replaces  the  belt  feed  pawl  spring  correctly,  and  replaces  the  belt 
feed  pawl  and  pawl  arm. 

(68)  Replaces  the  belt  feed  slide  assembly  in  the  correct  position. 

(69)  Replaces  the  belt  feed  lever  plunger  and  spring  in  the  correct  hole. 

(70)  Replaces  the  belt  feed  lever  ana  cotter  pin.' 

(71)  Starts  to  assemble  the  barrel  group  next.  (Mark  an  error  if  he 

starts  to  assemble  any  other  group  next.) 

(72)  Replaces  the  breech  lock  with  the  angles  forward  and  the  hole  to 

the  bottom.  * 

(73)  Without  inserting  the  barrel  into  the  casing,  screws  the  barrel 

into  the  barrel  extension  until  the  breech  end  of  the  barrel  is 
flush  with  the  inside  of  the  barrel  extension. 

(74)  Puts  bolt,  without  any  of  its  parts  assembled  in  it,  on  the  barrel 

extension  and  slides  it  all  .the  way  forward. 

(76)  Holding  the  parts  upside  down,  screws  the  barrel  in  as  far  as  it 
will  go.  (Mark  an  error  if  he  supports  the  barrel  on  a,  bench  or 
'  anything  but  his  hand.) 

At  this  point  check  the  headspace  adjustment  by  turning  the 
parts  right  side  up  and  making  sure  the  breech  lock  pin  is  toward 
the  bolt  and  flush  against  the  end  of  its  slot  in  the  barrel  exten¬ 
sion,  and  there  is  no  back  and  forth  movement  of  the  belt  while 
the  breech  lock  is  held  in  this  position.  ’  • 

(76)  Unscrews  the  barrel  three  notches,  (He  may  support  the  barrel 

for  this  operation.) 

(77)  Turns  the  parts  right  side  up  and  checks  to  see  that  the  breech 

lock  falls  of  its  own  weight.  If  the  breech  lock  does  not  fall, 
checks  for  dirt  or  excess  oil.  Readjusts  if  necessary. 

(78)  Places  barrel  group  part  way  into  casing.  . 

(79)  Begins  to  assemble  the  oil  buffer  group  next.  (Mark  an  error  if  he 

begins  to  assemble  any  other  group  next.) 

(80)  Replaces  the  oil  buffer  tube  in  the  oil  buffer  body.  (Mark  an  error 

if  he  replaces  either  the  oil  buffer  tube  lock  or  the  accelerator 
before  doing  this.) 

(81)  Replaces  the  oil  buffer  tube  lock.  (Mark  an  error  if  he  replaces 

the  accelerator  before  doing  this.) 

(82)  Replaces  the  accelerator  properly. 

(83)  Adjusts  oil  buffer  tube  correctly.  (Mark  an  error  if  he  does  not 

turn  exactly  3  clicks  to  the  right  of  no  clicks.) 

(84)  Locks  the  oil  buffer  group  to  the  barrel  extension.  (Mark  an  error 

if  he  fails  to  check  engagement  of  piston  rod  hook  and  barrel 
extension  shank  hook  by  pulling  on  the  oil  buffer  tube.) 

(85)  Begins  to  assemble  the  bolt  group,  joins  the  firing  pin  to  the  firing 

pin  extension,  and  replaces  them  with  the  notch  facing  down. 

(86)  Replaces  the 'bear  spring  and  sear.  (Mark  an  error  if  he  fails  to 

seat  the  spring  properly.)  .  .  N 

(87)  Replaces  the  spa*  slide. 

(88)  Replaces  the  scar  3top  assembly.’ 

(89)  Replaces  the  cocking  lever  with  pregnant  side  forward,  replaces 

the  cocking  lever  pin  on  the  side  of  the  bolt. 

(90)  Checks  firing  mechanism  by  pivoting  cocking  lever  forward  and 

then  backward  and  depressing  sear.  (Note:  Leaves  cocking 
lever  to  rear  until  he  places  bolt  group  in  barrel  extension.) 

(91)  Replaces  the  bolt  switch  stud  if  it  has  been  removed. 

(92)  Replaces  bolt  switch  for  the  correct  direction  of  feed, 

» 
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<£*)  Replaces  the  extractor  assembly.  '•  . 

94)  MJasiJJ  Worifrinli°^S  «,e  barrel  ^  ,buft er  groups  Into  the 

extension  replacing  the  assembled  bolt  group  in  the  barrel 

2  an  error  “ b*  iush“ 
/a%\  vf%u3  th?,.drlvin8r  spring  rod  assembly  In  bolt  group.  *  *  • 

(  >  “  ngasM  «mfle?eSf  oil  tu,7“  b$  8Pri"»  >«* 

2  asa 1,6  us” dt,vlns  ■»** rod 

(99)  Push®?  Parts  into  battery  position,  using  the  bolt  stud 

or  charging  handle.  (Mark  an  error  if  he  uses  the  driving  soring 
rod  assembly  to  accomplish  this.)  am  mg  spring 

Allow  the  gunner  to  make  the  error  of  placing  the  fcoit  group 
in  the  casing  with  the  cocking  lever  to  the  rear.  If  he  does  this, 
stop  his  time  immediately  and  say  to  him:  “you  have  placed 
THE  BOLT  IN  THE  CASING  WITH  THE  COCKING  LEVER  TO  THE  REAR.’ 
YOUR  TIME  IS  STOPPED.  TAKE  OUT  THE  BOLT  WITHOUT  ROTATING 
9  HE  cocking  lever  FORWARD.”  (Assistance  may  be  given  the 
gunner  on  these  steps  if  necessary.)  When  bolt  fs  removed, 
check  the  position  of  firing  pin  extension  notch  and  sear  notch, 
to  ascertain  whether  or  not  cocking  lever  was  originally  positioned 
properly.  If  the  notches  are  not  engaged,  mark  an  error.  If 
they  are  engaged,  do  not  mark  an  error.  Say  to  the  gunner: 
“WHEN  YOU  ARE  READY,  LET  ME  KNOW,  AND  I  WILL  START  YOUR 

TIME  AGAIN.”  ■  v 

•  .  / 

/  .  *  *  . 

(100)  Engages  driving  spring  rod  retaining  pin  in  the  driving  spring 

rod  retaining  pin  recess.  .  .  ' 

(101)  Replaces  the  backplate.  (Mark  an  error  if  the  baekplate  is  not 

.  securely  fastened.).  ;  ... 

(102)  Adjust  buffer  adjusting  screw.  (It  should  be  as  tight  as  possible 

using  a  caliber  .60  combination  wrench,  and  should  be  from 
t  flush  to 'one  thread  protruding.)  ... 

(103)  Closes  the  cover.' 

(104)  Hand-charges  the  gun.  ‘ ,  j. 

(105)  Releases  the  firing  pin  by  depressing  the  trigger.  • 

C.  As  soon  as  the  gunner  finishes  item  No.  i05,  put  down  the 

time.  '  ‘  :  '•«*'*'  :  .  * 

(106)  Checks  headspace  with  headspace  gage.  (Mark  an  error  if  he 

does  not  use  the  gage  correctly.)  •-  ' 

(107)  Makes  adjustments  if  necessary.  _•  ' 

D.  Throw  off  the  headspace  by  unscrewing  the  barrel  a  few 
notches.  Tell  him:  “now  adjust  headspace  again  with  the. 

GUN  FULLY  ASSEMBLED.”  •  Vt 

E.  Watch  to  see  that  he:  ...  '  . 


(108)  Screws  the  barrel  in  until  the  parts  no  longer  return  to  battery 
without  being  forced.  (Mark  an  error  if  he  fails  to  do  this.) 

/4nn\  i-L «  UawhaI  of  n  flmo  until  thn  mnnil poy4« 


(Mark  UU  CUUf  U  O  AWMt  vwtvtiugg  ov 

on  the  gun  and  the  gunner  does  not  remove  it.) 
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(110)  Unscrews  the  barrel  two  more  notches.  (Mark  an  error  if  he 

does  not  unscrew  it  exactly  two  notches.) 

(111)  Checks  adjustment  with  the  headspace  gage. 

F.  Say  to  the  gunner:  “check  the  timing.” 

G.  Watch  to  see  that  he : 

(112)  Checks  timing  with  the  timing  gage,  (Mark  an  error  if  he  does 

not  use  the  gage  properly.) 

H.  Record  the  total  number  of  errors  on  the  phase  check  as 
soon  as  the  phase  check  is  completed. 

I.  At  whatever  point  in  the  assembling  of  the  gun  the  gunner 
discovers  a  broken  part,  record  the  fact  that  he  was  correct  or 
made  an  error  in  spaces  113,  114  and  115  on  the  Score  Sheet. 
Also  record  the  name  of  the  broken  part  on  the  Score  Sheet  on 
the  line  called  “Defective  Parts.”  If  the  gunner  claims  good 
parts  are  defective,  mark  an  error  in  blanks  116, 117  and  118  and 
record  name  of  part  under  “Description  of  Errors.” 

(113)  Check  to  see  that  he  discovers  and  correctly  identifies  one  of  the 

defective  parts. 

(114)  Check  to  see  that  ho  discovers  and  correctly  identifies  another  of 

the  defective  parts. 

(116)  Check  to  see  that  he  discovers  and  correctly  identifies  the  third 
defective  part  (Mark  an  error  if  the  guner  fails  to  discover 
a  defective  part) 

(116)  Record  an  error  if  the  gunner  claims  that  a  good  part  is  defective. 

(117)  Record  an  error  if  the  gunner  claims  that  a  good  part  is  defective. 

(118)  Record  an  error  if  the  gunner  claims  that  a  good  pare  is  defective. 

‘  LIST  OF  FLEXIBLE  GUNNERY  PHASE  CHECKS  AND 
RELATED  MATERIALS 

I.  Blue  Series,  April  1944,  Prepared  by  AAF  Instructors 

School,  Flexible  Gunnery,  in  Collaboration  with  AAF  Training 
Aids  Division.  .  ..  ... 

Stripping  and  Assembly  of  Caliber  .50  Machine  Gun.  .  . 

Care  and  Cleaning  of.  Caliber  .50  Machine  Gun. 

Malfunctions  of  the  Caliber  .50  Machine  Gun. 

Boresighting  of  the  Caliber  .50  Machine  Gun.  •  '  •  ■ 

Maintenance  and  Operation  of  Bendix  Chin  Turret. 

Maintenance  and  Operation  of  Sperry  Upper  Turret.  . 

Maintenance  and  Operation  of  Sperry  Lower  Ball  Turret. 

Maintenance  and  Operation  of  Emerson  Nose  Turret. 

Maintenance  and  Operation  of  Martin  Upper  Turret.  ‘ 

Maintenance  and  Operation  of  Consolidated  Tail  Turret.  1 

Maintenance  and  Operation  of  Bendix  Upper  Turret. 

2.  Green  Series,  July  1944,  Prepared  and  Mimeographed  by 
Central  School  for  Flexible  Gunnery. 

Stripping  and  Assembly  of  Caliber  .50  Machine  Gun,  Form  B. 

Harmonization  of  Caliber  .50  Machine  Gun. 

E-14  Trainer.  * 

3.  Red  Series,  November  1944^  Prepared  by  Central  School  for 
Flexible  Gunnery,  in  Collaboration  with  AAF  Training  Aids  Divi¬ 
sion. 
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Caliber  .60  Machine  Gun,  Stripping  and  Assembly  (Form  B). 

Caliber  .60  Machine  Gun,  Care  ana  Cleaning  >Fornt  B). 

Caliber  .50  Machine  Gun,  Stripping  and  Assembly,  Preventive  Malnten- 
ance,  Mounting  of  Adaptors  ana  Heaters  (Form  C). 

Caliber  .60  Machine  Gun,  Harmonization  (Form  B). 

Martin  Upper  Turret  (Form  B). 

Emerson  Nose  Turret  (Form  B). 

Consolidated  and  Motor  Products  Tail  (Form  B). 

Sperry  Lower  Ball  Retractable  (Form  B).  • 

Sperry  Lower  Ball  Non-Retractable  (Form  B). 

Bendix  Chin  (Form  B).  •  .  • 

Bendix  Upper  Turret  (Form  B). 

Sperry  Upper  Turret  (Form  B). 

Bell  Gun  Mount  Assembly  (Form  A). 

E-14  Trainer  (Form  A). 

A-26  Sighting  Station. 

A-26  Upper  Turret.  .  ;  : 

A-26  Lower  Turret* 


*  4.  Blue  Series,  May  1945,  Prepared  and  Mimeographed  by 

Central  School  for  Flexible  Gunnery.  *  •  •  " 

P-61  Sighting  Station.  •  '  * 

P-61  Turret  * 

5.  Black  and  White  Series,  Aerial  Gunner’s  Proficiency  Check s 
Series,  Prepared  and  Mimeographed  by  Central  School  for  Flexible 
Gunnery. 

B-24  Aerial  Gunner’s  Proficiency  Check.  ~  ^  > . ' '  ■ 

B-29  Aerial  Gunner’s  Proficiency  Check.  * ' 

B-32  Aerial  Gunner’s  Proficiency  Check. 

6.  Aside  from  the  above  phase  checks,  which  in  each  ca'ie  in¬ 
cluded  booklets  of  administration  and  score  sheets^  the  following 
additional  material  was  prepared  to  facilitate  the  adequate  train¬ 
ing  of  phase  checkers. 

1.  AAF  Manual  55,  The  Use  of  Flexible  Gunnery  Phase  Cheeks. 

2.  Training  Film,  TF  1-3464  "Administration  of  Standardized  Phase 

Cheeks .”  * 

k  ■ 
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Yes.  The  curriculum,  which  includes  a  great  deal  of  practical 
work,  provides  the  gunner  with  the  opportunity  for  putting  into 
actual  use  much  of  what  he  has  learned. 

6.  Does  the  program  provide  for  the  assembly  and  drawing  to¬ 
gether  of  skills  acquired  and  knowledge  gained  in  different 
courses  t 

Yes,  this  is  provided  in  progress  checks,  in  preflighting  and 
postflighting  of  equipment,  in  application  of  skills  and  knowledge 
on  trainers  and  ranges,  and  in  air  training.  It  is  suggested  that 
prior  to  graduation  an  orientation  period  be  provided  to  evaluate 
the  gunner’s  basic  training  and  prepare  him  for  crew  training. 

Logic  of  Phases 

7.  Does  each  step  make  a  definite  contribution  to  proficiency? 

A  good  logical  case  can  be  madd  for  every  phase  of  training. 

Over  a  period  of  time  most  nonrelated  phases  have  been  dropped 
out.  Some  questions  still  exist,  however,  as  to  the  value  of  cer¬ 
tain  phases  (e.g.  shotgun  firing).  . 

8.  /s  an  effective  orientation  period  provided  for  in  each  course  f 

Yes.’  One  criticism  might  be  made  of  some  of  the  orientation. 

It  too  often  stresses  details  of  procedure  at  the  expense  of  arous¬ 
ing  student  interest.  The  possibility  of  more  thoroughly  planned 
orientation  at  the  beginning  of  the  training  period  should  be  con¬ 
sidered.  This  would  not  necessarily  do  away  with  specific  course 
orientation  but  would  ^reduce  the  time  devoted  to  each,  and  knit 
all  courses  into  one  whole. 

9.  Are  devices  provided  to  aid  instructors  in  arousing  and 
maintaining  interests ? 

Some  are,  such  as  the  use  of  cut-away  models  of  the  gun  and 
the  Gunner’s  Information  File.  Consideration  should  be  given 
to  the  development  of  instructors’  manuals  which  would  serve  the 
same  purpose  for  methodology  and  G.I.F.  serves  for  factual  in¬ 
formation.  ; 

* 

Learning  by  Doing 

10.  Is  actual  doing  stressed  wherever  possible  in  the  training 
program? 

Yes.  The  gunnery  program  provides  a  maximum  of  training 
oy  actual  doing,  within  the  limitations  of  facilities  available. 

11.  What  specific  methods  are  used  to  insure  attention  during 
lectures,  films,  demonstrations,  and  while  students  are  waiting 
to  use  equipment t 

To  a  great  extent  students  are  so  directed  that  the  type  of 
activity  results  out  of  which  learning  takes  place.  They  are 
encouraged  to  take  notes,  answer  questions,  and  engage  in  dis- 
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armorers  who  have  a  good  background  in  both  Weapons  and 
Turrets, 

19.  Are  complicated  skills  developed  step  by  slept 

In  the  main,  yes.  The  classroom  work  which  precedes  ranges 
and  trainers  is  designed  to  give  the  gunner  an  understanding  of 
what  to  do.  Ranges  and  trainers  give  him  practice  in  how  to 
do  it.  Gun  camera  and  air  firing  relate  the  “what”  to  the 
“how”  and  give  training  which  simulates  the  job  of  the  aerial 
gunner  in  combat.  It  is  possible  that  some  students  are  over¬ 
whelmed  by  the  mass  of  technical  information  in  such  classes  as 
Turrets.  In  the  case  of  ranges,  it  was  discovered  desirable  habits 
formed  on  some  ranges  are  undesirable  on  others.  An  example 
Instructors  felt  that  instruction  on  this  range  should  precede 
that  on  the  Burst  Control  Range,  because  a3  a  result  of  his  expe¬ 
rience  on  the  latter  range,  the  gunner  had  developed  the  habit 
of  pushing  up  or  the  rear  of  his  gun,  a  habit  that  was  undesirable 
on  the  Moving  Base  Range.  This  sort  of  conflict  tends  to  impede 
rather  than  to  enhance  gunnery  learning.  The  elimination  of 
confusion  in  learning  should  be  a  “must”  in  nay  type  of  educa¬ 
tional  program.  ,  . 

20.  Is  group  instruction  used  for  material  which  can  be  most 

efficiently  mastered  this  way?  N  . 

Yes.  In  subjects  such  as  Weapons,  Sighting;  and  Turrets  there 
is  good  balance  between  group  instruction  for  the  bulk  of  learning 
and  individual  instruction  wher  eneeded  to  bring  each  student  up 
to  standard,  and  to  provide  for  individual  differences. 

21.  Is  adequate  time  allotted  for  the  accomplishment  of  each 
training  objective? 

The  distribution  fo  time  to  courses  in  the  8-week  program  ■ 
appears  to  be  adequate  in  terms  of  the  limited  training  objectives  * 
.to  be  achieved  and  the  training  facilities  presently  available. 

Sequence  of  Training 

22.  Does  the  student  have  adequate  previous  training  before 
beginning  each  advanced  range  or  trainer? 

This  question  can  best  be  answered  by  reference  to  instructor's 
comments  on  the  question  “what  weaknesses,  if  any,  in  the  pre¬ 
vious  gunnery  training  of  your  students  interfered  with  their 
learning  of  the  material  you  taught?”  The  weaknesses  in  pre- 
vious  training  which  are  reported  by  the  instructors,  however, 
must  be  interpreted  in  light  of  two  considerations:  First,  the 
instructors  may  be  setting  to  ohigh  a  standard;  and  second,  the’ 
difficulties  experienced  by  students  may  result  not  from  a  lack 
of  previous  training,  but  from  the  inability  to  adjust- to  the  pecu¬ 
liarities  of  a  new  situation; 
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AAP  Central  School  for  Flexible 
Gunnery: 

— functions  of,  6 
— opening  of,  6 
— Research  Division  in,  8 

AAF  First  Motion  Picture  Unit,  Cul¬ 
ver  City,  Calif.: 

— and  Research  Division,  36-37, 
380 

AAF  Instructors  School  Flexible 
Gunnery: 

— function  of,  3 

— graduates  and  nongraduates 
compared,  374,  376 
— opening  of,  3 

— Psychological  Research  Detach¬ 
ment  (Gunnery)  attached  to,  4 

AAF  Personnel  Distribution  Com¬ 
mand: 

— study  of  attitudes  of  Tetumee 
gunners,  269-60,  262-5,  267-8, 
279-81,  328-9" 

— use  of  Instructors  Qualifying 
Examination  by,  366-8 

AAF  Proving  Ground  Command, 
Eglin  Field,  Fla.; 

— and  research  Division,  36 

AAF  Qualifying  Examination, 
AC10A:  .  A 

— and  gunnery  proficiency,  472 

AAF  School  of  Applied  Tactics: 

— and  Research  Division,  36 
— study  at,  177-85,  230 

AAF  School  of  Aviation  Medicine: 
— and  gun  camera  studies,  155-6, 
188-91,  224-37 

AAF  Training  Aids  Division,  New 

York  City:  _ 

— and  Research  Division,  37,  253 

AAFSAT  Synthetic  Trainer: 

— description  of,  177 
— evaluation  of,  185,  258 
— fatigue  and  performance  on, 
179-84 

— learning  on,  177-82 
——reliability  of  scores  on,  183 
— scoring  method,  177,  183 

Academic  Grades. 

— and  elimination,  94-96 
—as  gunnery  criterion,  472-3 


Achievement  Testing,  Flexible  Gun¬ 
nery: 

— early  status  of,  99, 100 
— editorial  practices,  106 
— manuals  prepared,  100-2 
— selection  of  items,  104,  105 
— sources  of  items,  105  •  .  . 

— statistical  procedures,  105, 106 
—  ( Sec  Gunnery  Final  Comprehen¬ 
sive  Examination;  Phase  Check- 
erf  Instructors  Final  Compre¬ 
hensive  Examination;  Combat 
Gunnery  Officers  Course  Final 
Comprehensive  Examination) 

Achievement  ‘Pests: 

— and  gunnery  criterion,  53 
— development  of,  96-107 

Adjustment  of  Instructors: 

— attempts  to  measure,  364-7  . 

— Instructors  School  staff,  343-4 

Adjustment  of  Returnee  Gunners: 
—and  AGCT,  274  . 

— and  constitutional  stability,  274 
— and  definiteness  of  purpose,  274 
—and  early  adjustment,  273 
— and  family  relationship,  274 
— and  independence,  274 
— and  marital  status,  273 
— and  religious  faith,  274  v 
— and  security  in  a  social  group, 
274  * 

— incidence  of  combat  fatigue, 

270- 1 

— persistence  of  combat  fatigue, 

271- 8 

.  Aerial  Proficiency  Check: 
—described,  132 

— outgrowth  of  phase  checks,  137 

—and  gunnery  proficiency,  70, 
475,  476 

— of  gunners,  23 

Aiming  Stress  Test,  CE211A: 

— r-  td  gunnery  proficiency,  78, 
475,  476 

Aircraft  Recognition: 

— desciotion  of,  249 
— evalu  'ion  of,  258 
— learning  on,  253-4 
— on  Gunnery  Final  Comprehen¬ 
sive  E  .mination,  107-118 
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— seating;  arrangement  and  scores 
<  on,  249-GO,  252  _  . 

-—transfer,  short  to  long  range, 
252-3 

Airscrew  Selection  and  Classification 
Standards  Rating  Scale: 

— minimum  requirements  for  gun¬ 
ners  on,  42-45 

— minimum  requirements  for  gun¬ 
nery  officers  on,  387-388 


Air  Firing: 

—and  elimination,  94-95 
— and  gunnery  criterion,  65-67, 
71-72,  74,  76-78,  472-473,  475- 
476 

—description  of,  218 
—evaluation  of,  219-220, 258,  300— 


—reliability  of  scores  on,  218-219 
—variations  in,  219 


Air  Firing  Instructors: 

— special  problems  of,  340-341 


AN/APG-15  T1  Trainer: 

— description  of,  158-159 
— evaluation  of,  169,  161,  258 
— learning  on,  159,  161 
— reliability  of  scores  on,  159 
— scoring  method,  159 


Angular  Judgment  Test: 

— and  gunnery  proficiency,  75 
— intercorrelations,  474 


Aptitude  Test  for  Aerial  Gunners, 
AC30A:  a  t  _K 

— and  gunnery  proficiency,  74-75 
— format  of,  73 
— intercorrelations,  474 
— intercorrelations  of  parts,  74 
— sources  of,  72  . 


— learning  of,  420,  425 
— rango  and,  424-427 
— roll  of  fighter  and  errors  in,  420 

Attitudes  of  Basic  Gunnery  Stu¬ 
dents: 

— toward  gunnery,  25-26,  260-262 
— toward  gunnery  training,  265- 
266 

— toward  second  tour,  262-263  ' 

— used  in  program  evaluation, 
311-312 


Attitudes  of  Returnee  Gunners:. 

— toward  civilian  war  effort,  285- 
287 

— toward  combat,  263 
— toward  gunnery,  265 
— toward  gunnery  training,  265- 
267 

— toward  military  discipline,  281- 
283. 

— toward  purposes  of  war,  283— 
285 

— toward  reassignment,  276-279 
— toward -second  tour  of  duty,  263, 
279-281 


Aviation  Cadet  Qualifying  Examina¬ 
tion,  AC12J: 

— and  gunnery  proficiency,  75 
— intercorrelations,  474  • 


B-29  Gunners: 

— job  description,  40-41 
— selection  of,  87-93 
— stantines  for  selection  of,  92 
— training  program,  10,  437 

B-29  Manipulation  Trainer: 

— description  of,  156 
— evaluation  of,  158,  258 
— gun  camera  used  in,  156 
—learning  on,  156 


Army  General  Classification  Test: 
—and  Aptitude  Test  for  Aerial 
Gunners,  AC30A,  72 
— and  gunnery  proficiency,  65-72,  % 
75 

— intercorrelations,  474 
— scores  of  gunners,  22 
— scores  of  Instructor  School  stu¬ 
dents,  350 

— scores  of  instructors,  352 
— standards  for  instructors  set, 
352 

Aspect  Angle: 

— defined,  418-419 
— use  in  support  fire,  419-420 
— (Set  Support  Fire) 

Aspect  Angle,  Judgment  of: 

— angle  size  and  errors  in,  420 
—in  air,  421-427 
— in  laboratory,  418-421 


3*, sic  Deflection  Range: 

— description  of,  193 
— evaluation  of,  194-195,  197—199, 


258 

— learning  on,  194 
—reliability  of  scores  on,  194 
—transfer  to  gun  camera,  197-199 
— transfer  to  Moving  Base,  197- 


199 


Basic  Gunnery  Schools: 

— elimination,  rates,  94-95 
— instructors'  scores  m  IQE,  oou- 
371,  374 

Biographical  Data  Blank,  CE602D: 
— revised  for  gunnery,  82-83 

Biographical  Data  Blank  (Gunnery): 
— and  gunnery  proficiency,  75 
— development  of,  83 
— intercorrelations,  474  , 
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Buckingham  Army  Air  Field: 

— B-29,  program  at,  10 
— Basic  gunnery  school,  2 
— Central  School  at,  2 
—Instructors  School  at,  2 
— Psychological  Research  Detach¬ 
ment  at,  30 

—studies  at,  72-78,  79-84,  95,  108, 
111,  113,  115, 136,  142-146,  148- 
155,  156-158,  161-163,  170-171, 
176-177,  185-187,  201-204,  218- 
219,  238,  246-253,  259,  273,  277, 
347-349,  350-362,  354,  379,  408- 
412,  416-417,  474-476 


Burst  Control  Range: 

— description  of,  206 
— evaluation  of,  209,  258' 

— learning  on,  207-209 
— reliability  of  scores  on,  206-207 

Central  School  (See  AAF  Central 
School  for  Flexible  Gunnery) : 

Charleston  Army  Air  Base: 

•  — studies  at,  312-314 


Check-list  of  Training  Principles: 

— typical  list,  489-493 
— used  in  program  evaluation, 
311-312 


China-Burma-India  Theater  (10th 
and  14th  Air  Forces): 

— overseas  project  in,  42-46,  260, 
266,  296-302 

Classification  and  Assignment 
— and  gunnery  proficiency,  300- 
302 


Combat  Air  Forces:  ■-> 

— overseas  projects  in,  40-48,  260, 
262,  266,  295-304,  320-328,  383- 
388,  399-401 

— use  of  phase  checks  in,  132-133 

Combat  Flexible  Gunnery: 

— effectiveness  of,  18-19 
— history  of,  3-5,  8-9  • 

Combat  Gunnery  Officers  Course 
Final  Comprehensive  Examina¬ 
tion: 

— development  of,  402 
— reliabilities  for  Form  B,  403 

Combat  Theaters:  Proficiency  of 
Gunners: 

— as  reported  by  gunnery  officers, 

300- 301 

— factors  lowering  proficiency, 

301- 303 

— in  gunnery  knowledge,  299-300 
— on  Jam-Handy,  299-300 
— on  phase  checks,  297-299 

Comparison  of  Lengths  Test,  LV7A: 
— and  gunnery  proficiency,  472 


Compensating  Sights: 

• — description  of,  17 
— use  in  support  fire,  417-418 

Complex  Coordination  Test,  CM- 
701A: 

— a nd^  gunnery  proficiency,  78, 
Conferences: 

— Fort  Worth,  Jan.  1943,  4 
— San  Francisco  (Gunnery),  Aug 
1944,  9 

— Tampa  (Gunnery),  Apr  1944,  6, 
8,  295 

Cornell  Selectee  Index: 

— and  Personal  Adjustment  In¬ 
ventory,  357 

Crewmanship: 

— importance  of,  19 
— on  Gunnery  Final  Comprehen¬ 
sive  Examination,  103-117 

Criterion,  Flexible  Gunnery: 

— air  training  as,  63-56 
— analysis  of  problem,  46-47 
— ground  trainers  as,  51-63 
— subsidiary  skills  in,  58-69 
— synthetic  trainers  as,  49-61  ■  . 
— summary,  466' 

Criterion,  Gunnery  Instructors:' 

— gunnery,  knowledge  in,  342-343 
— intelligence  in,  342 
— personal  adjustment  in,  343-344' 
— teaching  proficiency  in,  344-348 

Criterion,  Gunnery  Officers: 

— elimination  from  course  as,  389- 
390 

—survey  of  possible  measures, 
388-390  . 

Deflection  (See  Lead)  .  , 

Deputy  for  Flexible  Gunnery,  Train¬ 
ing: 

— position  created,  8 

t 

DeVry  Panoramic  Trainer  (See  Pan¬ 
oramic  Trainer) 

Dial  and  Table  Reading  Test,  CP622- 
21A: 

•  — and  gunnery  proficiency,  78 

Directional  Orientation  Test, 

— and  gunnery  proficiency,  472  ■ 

Discriminat'on  Index: 

— describe  .  105-106 

Discrimination  Reaction.  Time  Test, 
CPG11D: 

— and  gunn  ry  proficiency,  78, 
475-476 
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E-8  Trainer  {See  Spotlight  Trainer) 

E-i4  Trainer  {See  Jam-Handy 
Trainer) 

Educational  Level: 

— of  gunners,  22,  23 

Eighth  Air  Force: 

— evaluation  of  training  programs 
in,  320-328 

— overseas  mission  to,  42-45,  2G2, 
.  383-387,  399-400 

Eighth  Air  Force  Project: 

— experimental  design,  321 
— problem,  320 
— results,  321-328 

\ 

Eight-Week  Basic  Gunnery  Course 
Evaluation: 

— experimental  design,  305-308 
— results,  306-316 

Electronic  Pilot  Pursuitmeter  Test, 
CM815A: 

— and  gun  camera  scores,  85-88 

Elimination,  Basic  Gunnery: 

--as  gunnery  criterion,  71 

Elimination  Policies,  Basic  Gunnery: 
— critique  of,  96-97 
— survey  of,  93-95 

Emotional  Security  Test: 

— development  of,  79-80 
— evaluation  of,  80-81 

Error  Item  Analysis  Report  Form: 
— use  of,  102 

Estimation  of  Angle  of  Approach 
Test,  LV8A: 

— and  gunnery  proficiency,  472 

Estimation  of  Relative  Velocity, 
CP205-III: 

— and  gunnery  proficiency,  75,  474 

Estimation  of  Velocity,  CP205-I: 

— and  gunnery  proficiency,  75 
— intercorrelations,  474 

Factor  Analysis: 

— applied  to  Instructors  Qualify¬ 
ing  Examination,  369-372,  375 

Fifth  Air  Force: 

— overseas  project  in,  42-45,  266, 
295-301 

Fighter  Attacks: 

-“fly-through,”  13-14 
— pursuit  curve,  14,  438 

Finger  Dexterity  Test,  CM116A: 

— and  gunnery  proficiency,  475- 
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Firing  Error  Indicator: 

— as  gunnery  criterion,  53-54 
—description  of,  238 
—evaluation  of,  238-243,  258 
— learning  on,  241 
— percent  hits  on,  240 
— problems  in  use  of,  241-243 

Flexible  Gunnery  Equipment: 

— design  of,  405-406 
— sight  reticle  design,  408 
— {See  Machine  Gun,  Sights,  Tur¬ 
rets.  Interphone  Communica¬ 
tion) 

Following  Directions  Test,  CP402A: 

— and  gunnery  proficiency,  472 

Forgetting: 

— and  gunnery  proficiency,  302  ' 

Frangible  Bullet  Trainer: 

— as  gunnery  criterion,  54-55 
— description  of,  243 
— evaluation  of,  246,  267 
— learning  on,  246-247 
— percent  hits  on,  244 
— reliability  of  scores  on,  244 

Full  Scale  Range  Estimation  Range: 

— description  of,  146 
— evaluation  of,  148-161,  268 
— gun-  camera  used  on,  146  \ 

— reliability  of  scores  on,  147-148 
— scoring  method,  147 

Giant  Skeet  Range: 

— description  of,  201 
— evaluation  of,  203-204,  268 
— learning  on,  201-203 
— reliability  of  scores  on,  201 
— transfer  to  Panoramic  Trainer, 
203-204 

Greenville  Army  Air  Field: 

— study  at,  376 

Ground  Ranges: 

— and  elimination,  94-95 
— and  Jam-Handy,  76-76 
— as  gunnery  criterion,  65-66,  68, 

74,  76-78,  472-473,  475-476 
— intercorrelations  of  scores,  75 
— used  in  program  evaluation, 
308-309,  331-332 

Gulfport  Army  Air  Field: 

— study  at,  376 

Gun  Camera: 

— as  gunnery  criterion,  55-56,  165 
— description  of,  220-221 
— Eighth  Air  Force  gunners,  323 
— evaluation  of,  235-237,  268 
— factors  affecting  reliability,  222 
— In  Full  Scale  Range  Estimation 
Range,  146-148 


~236'n237  on'  na5ve  gunners,  232- 

ST,!?*01*.  }ra*ncd  gunners,  230 
— reliability  o£  scores  on, 

_o"r3l20i23h  Air  F0r“  gwm 

Iimm?  sis*3  evahu‘!oD' 

Gunners,  Flexible: 

—age  of.  23  ^ 

— education  of,  23 
— intelligence  ox,  22 
—minimum  requirements  in  twen¬ 
ty  traits,  42-45 
— sketches  of,  21,  22 
— (See  Attitudes  of  Basic  Gun¬ 
nery  Students,  Attitudes  of  Re¬ 
turnee  Gunners;  Motivation  of 
Gunners;  Job  Description,  ihex- 
ible  Gunners) 

Gunner’s  Information  File: 

— B-29  supplement  to,  10 
— publication  of,  8 

Gunnery  Final  Comprehensive  Ex¬ 
amination: 

—and  ground  range  scores,  75 
—and  Jam-Handy  scores,  75 
—as  gunnery  criterion,  74,  75-78, 
475-476 

.  comparison  of  various  forms, 
114,  116 

—Form  GF-A,  107-108 
—Form  GF-B,  107-108 
—Form  GF-C,  108-111 
—Form  GF-D,  110-111,  113 
—Form  GF-E  and  GF-F,  111-114 
—Form  GF-EE,  114-115 
— used  in  instructor  selection,  352 
—used  in  program  evaluation, 
306-307,  313-314,  330 

Gunnery  Interest  Test: 

— ana  gunnery  proficiency,  473 
— intercorrelations,  473 

Gunnery  Learning  Test: 

— and  gunnery  proficiency,  473 
— intercorrelations,  473 

Gunnery  Mathematics  Test: 

— and  gunnery  proficiency,  473 
— intercorrelations,  473 

Gunnery  Officers: 

—duties  of,  in  8th  Air  Force,  383— 
388 

— (See  Job  Description,  Gunnery 
Officer,  Selection  of  Gunnery  Offi¬ 
cers;  Training,  Gunnery  Officers) 

Gunnery  Officers  Selection  Test: 

— ana  Instructors  Qualifying  Ex¬ 
amination,  359 
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"~39OSo5AC40A'  description  of, 

~~sSri 95C40A’  rclIablI,tIes»  392- 
—Form  AC40A,  validity,  396 
3P9°S7AC40B,  development  of, 

—Form  AC40B,  reliabilities,  397 
A-C40B,  stanlno  scores, 

—Form  AC40B.  validity,  398-399 
separate  stnnine  cut-offs  recom¬ 
mended,  398-399 

Gunnery  Technical  Vocabulary  Test: 
— and  gunnery  proficiency,  473 
—intercorrelations,  473 

Harlingen  Army  Air  Field: 

— basic  gunnery  school;  2 
—psychological  research  detach¬ 
ment  at  30,  63 

—studies  at,  62-64,  95,  110,  113. 
350-353,  378-379,  471 

Harmonization:  - 
— of  caliber  .50  machine  gun,  15 
—of  phase  check,  486,  308-309. 
314,  330-332 

High  Tower  Range:  ■ 

—in  Sherman  study,  245-250 

Hobson-Stmad  Trainer:  >*■  - 

—as  gunnery  criterion,  50-51 
, — described,  60,  51 

Identification  of  Velocity,  CP205II: 

— and  gunnery  proficiency,  75 
— intercorrelations,  474 

Instructors  Final  Comprehensive  Ex¬ 
amination: 

— development  of,  £78 

Instructors,  Flexible  Gunnery:  . . 

— job  specification  of,  337 
— training,  377-380 
— types  of  duties,  337-341 
— use  of  returnee  gunners  as,  379- 
380 

— (See  Selection  of  Gunnery  In¬ 
structors  School)  (See  AaF  In-  .' 
structors  School  Flexible  Gun¬ 
nery). 

Instructors  Preference  Test: 

— and  Instructors  Qualifying  Ex¬ 
amination,  362 
— development  of,  360-362 
— item  validation,  362 

Instruct*  rs  Qualifying  Examination: 

— dese  -  ‘ption  of,  357-364 
— facto*  -nalysis  of,  369-375 
— interc.  -relation  of  parts,  868, 
370 

— multipl.  correlation  with, 3  cri¬ 
teria,  3  .  376 
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—purpose  of,  368 
— reliability  of,  36S 
— stanine  distributions,  366< 

■—used  by  Personnel  Distribution 
Command,  366-368  - 
—validity  of,  370,  364-367 

Instructors  Ratings: 

— used  in  program  evaluation, 
300-311 

Instructors  School  (see  AAF  In¬ 
structors  School,  Flexible  Gun¬ 
nery) 

Instrument  Comprehension  Test, 
CP616A: 

— and  gunnery  proficiency,  472 

Interest  Strength  of  (See  Strength 
of  Interest) 

Intercom.  (See  Interphone  Communi-' 
cation)  ■ 

Interphone  Communication: 

— manuals  for,  379-380 
— scores  used  in  program  evalua¬ 
tion,  308,  309,  331 

Iron  Ring-and-Post  Sights: 
—described,  416 
— eye-base  method  with,  416 
— sight-base  method  with,  416 


Job  Description,  Gunnery  Officer: 

— based  on  8th  Air  Force  study, 
383 

— -job  specification,  387-388 
— knowledge  required,  384,  392 
— minimum  requirements  in  twen¬ 
ty  traits,  387-388 
— types  of  duties,  383-388 

Judgment  in  Aiming  Test,  LV6A: 

— anti  gunnery  proficiency,  472 

Judgment  in  Aiming  Test,  LV6B: 

— and  gunnery  proficiency,  472 

Judgment  of  Proportions  Test,  CP- 
20GA: 

— and  gunnery  proficiency,  472 

Kingman  Army  Air  Field: 

— basic  gunnery  school,  6 
— studies  at,  96,  113,  194,  195-199, 
350-362 

Laredo  Army  Air.  Field  . 

— basic  gunnery  school,  2 
— Central  School,  2 
— studies  at,  85-89,  110,  113,  133, 
166.  168-161,  166-166,  172-178, 
187-190,  192,  194,  196,  199-201, 
205,  206-207,  207-218,  223-237, 
238-240,  241-243,  246-247,  254, 
266,  306-311,  328-333,  350-362, 
366,  357,  412-413,  417-431 


Jam-Kandy  (E-14)  Trainer: 

— and  ground  range  scores,  75-76 
— as  gunnery  criterion,  49-50, 
76-78,  176-177,  475-476 
— as  selection  test,  86-88 
— description  of,  169-170 
— evaluation  of,  170,  258 
— in  Sherman  study,  246-249,  250, 
251 

— infra-red  scorer  for,  171-173 
— ISCO  scorer  for,  173-175 
— reliability  of  scores  on,  170-175 
— scores  of  Eighth  Air  Force  gun¬ 
ners,  322-323 

— used  in  program  evaluation,  309, 
314,  322-328,  331 

Job  Description,  Flexible  Gunner: 

— activity  lists  in,  40-41 
—and  criterion,  46 
— conditions  of  work  in,  41-42 
— for  B-29  gunners,  40-41 
— methodology,  40 
— minimum  requirements  in  twen¬ 
ty  traits,  42-46 

— use  of  Tactical  Doctrine  and 
Mission  Reports  in,  40 

Job  Description,  Gunnery  Instruc¬ 
tor: 

— job  specification  of,  337 
—types  of  duties,  337-341 


Las  Vegas  Army  Air  Field: 

— basic  gunnery  school,  2  ' 

— psychological  research  detach¬ 
ment  at,  30,  63-72 
— studies  at,  63-72,  96,  99—100, 
111,  113,  135,  146-148,  206,  379, 

.  471,  473 

Lead: 

— in  position  firing,  16-17, 413-416 
— in  support  fire,  417-418  / 

_ noprl  fftr.  1 2 


Learning  Curves: 

—on  gunnery  ranges  and  train¬ 
ers,  143—145,  149,  155—156,  158, 
161,  163-166,  177-182,  190,  194; 
195-197,  201-203,  207-209,  209- 
205,  230-237,  241,  244 


Machine  Gun,  Caliber  .30: 
—use  of,  1,  3,  203-204,  218 


Machine  Gun,  Caliber  .60: 

— bullet  dispersion  of,  16 
— care  and  cleaning  phase  check, 
308-309,  314,  330-332,  487 
— characteristics  of,  16 


— development  of,  1 
— in  gunnery  training,  3,  204-219 
— on  Final  Comprehensive  Exam¬ 
ination,  107-117  ' 
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— stripping  and  assembly  phase 
check,  121,  308-309,  314,  320- 
328,  330-332,  477-486,  487 

Map  Distance  Test,  CU626A 
— and  gunnery  proficiency,  472 

Map-Path  Distance  Test,  CP628A: 

— and  gunnery  proficiency,  472 

Mathematics  A,  C1702E: 

— and  gunnery  proficiency,  78, 
472,  475-476 

Mathematics  B,  C1706A,  C1206B: 

— and  gunnery  proficiency,  78, 
475-476 

Mathematical  Proportions  Test, 
LVIB: 

— and  gunnery  proficiency,  472-473 
— intercorrelations,  473 

Mathematics,  C1708A: 

— and  gunnery  proficiency,  65-72 


Motivation,  Floxiblo  'Gunners: 

— adverse  factors  in,  26,  27 
— in  combat  crew,  269-270 
— in  relation  to  the  war,  283-285 
— survey  of,  25-27 

Moving  Base  Range: 

— description  of,  19S 
— evaluation  of,  197-199,  258 
— learning  on,  195-188 
— reliability  of  scores  on,  195-197 
— transfer  to  gun  camera,  197-199 

Moving  Target  Ranges: 

— as  gunnery  criterion,  51 
— description  of,  204-205 
— evaluation  of,  20.5,  258 
— reliability  of  scores  on,  205 

.  MQller-Lyer  Illusion: 

— and  sight  design,  408 

Multiple  Correlation: 

— of  IQE  with  3  criteria  of  in¬ 
structor  proficiency,  375 


Mechanical  Aptitude  Test  (MA): 

— and  gunnery  proficiency,  65-72,  . 
75 

— gunner’s  scores  on,  22  *  . 

— intercorrelations,  474 

Mechanical  Comprehension  Examin¬ 
ation,  DS201A:  .  . 

— added  to  Instructors  Qualifying 
Examination  Batterv.  368 
— reliability  and  intercorrelations, 
370 

Mechanical  Function  Test,  C1907A: 
— and  gunnery  proficiency,  472 

Mechanical  Information,  C1905A: 

— and  gunnery  proficiency,  78,  472, 
475-477  „  , 

Mechanical  Movements  Test, 

C1904A: 

— and  gunnery  proficiency,  472 

Mechanical  Principles  Test,  C1903A: 
— and  gunnery  proficiency,  65-72, 
78,  473,  475-476 
— intercorrelations,  473 


Memory  for  Names  Test,  LV3C. 

— and  gunnery  proficiency,  4/2, 
473 

— intercorrelations,  473 

Memory  for  Plane  Silhouettes  Test, 
C1503A-:  a 

— and  gunnery  proficiency,  472 

Mil:  .  .  , 

— definition  of,  16 

Motivation 

— importance  oi,  44 


Navy,  U.  S.:  '  .  . 

— and  development  of  Position  Fir¬ 
ing,  414  . 

— developed  infra-red  scorer,  171 
— Free  Gunnery  Standardization 
Committee,  and  Research  Divi¬ 
sion,  37  .  ,  ,  , 

.  — Jam-Handy  Trainer  designed 
for,  165-169  - 

— Waller  Trainer  designed  for,  161 

i 

NDRC,  Airborne  Fire  Control  Com- 
mittee 

— and  Research  Division>  36 


NDRC,  Applied  Mathematics  Panel, 
Columbia  University: 

— and  Research  Division,  36 


NDRC,  California  Institute  of  Tech¬ 
nology  Project:  ^ 

— and  Research  Division,  36 
—and  Firing  Error  Indicator, 
237-239 


NDRC,  Franklin  Institute,  Pniladel- 
phia  and  University  of  Texas: 
— and  Research  Division,  36 


fPRC.  Radiation  Laboratory,  Mas¬ 
sachusetts  Institute  of  Technol- 
ozyi 

r-.-nA  nncpnrnb  Division.  36 


NDRC,  -Statistical  Research  Group, 
Columbia  University: 

—and  Research  Division,  36- 


<jDi  3,  University  of  Wisconsin 
Project,  Laredo:  .  . 

_ and  Research  Division,  1W,  oo, 

4‘ 
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NDRC,  Voice  Communication  Lab¬ 
oratory,  Waco,  Texa»: 

— and  Research  Division,  36,  879- 
381 


Nearest  Point  Test,  C.P607A: 

— and  gunnery  presidency,  472 


*  Ninth  Air  Force: 

—overseas  project  in,  41 

Numerical  Approximations,  C1706A: 
— and  gunnery  proficiency,  65-72, 
472 

Numerical  Operations,  C1702B: 

— and  gunnery  proficiency,  65-72, 

472 

Numerical  Operations,  BC1702B: 
— and  gunnery  proficiency,  78, 
475-476 

Numerical  Operations  F,  C1702B: 

— and  gunnery  proficiency,  78, 
475-477 


Operational  Analysis  Sections,  Thea¬ 
ters  of  Operation:  _ 

— and  Research  Division,  36 

Opinion  Poll: 

— and  gunnery  proficiency,  75, 
.  81-82 

'  — development  of,  80-81 
— intercorrelations,  474 
— items  used  in  Instructors  Pref¬ 
erence  Test,  362 

— returnees  and  basic  gunners  on, 

84 

Opinions  on  Instructing  Test: 

— validation  of,  354-356 

OQ  Radio-Controlled  Target  Planes: 
—description  of,  217 
— evaluation  of,  217-218,  268 
— percent  hits  on,  217 

OQ-3  Range: 

— as  gunnery  criterion,  51-62 

Overseas'  Projects: 

— findings  of,  297-303 
— outcomes  of,  303-304 
— procedures,  296-297 

Panoramic  Trainer  (DeVry): 

— as  selection  test,  85-88 
— description  of,  185  . 
—evaluation  of,  185-191,  258 
— learning  on,  190-191 
— scoring  method,  185,  186-187, 
190 

— transfer  to  gun  camera,  187-188 
— transfer  to  Jam-Handy,  185-186 

Pattern  Assembly  Test,  CP804A: 

— and  gunnery  proficiency,  472 


Pattern  Comprehension  Test, 
CP803A: 

— and  gunnery  proficiency,  472 

Personal  Adjustment  Inventory: 

— and  Cornell  Selectee  Index,  357 
— and  Personal  Inventory,  DE- 
201 C,  357 

Personal  Inventory,  DE201C: 

— basin  for  Personal  Adjustment 
Inventory,  356 

— items  used  in  Instructors  Pref¬ 
erence  Test,  360 
— revised  for  gunnery,  83 

Personal  Inventory,  Revised: 

.  — returnees  and  basic  gunners  on, 

83-84 

— types  of  items,  85 

Personality  Characteristics: 

— efforts  to  measure,  79-86,  354- 
357,  360-363,  393-395 
— importance  of,  42-46,  343,  387- 
388 

Phase  Checks,  Flexible  Cunnery: 

— and  gunnery  criterion,  58-59 
— description  of,  130-132. 

— Eighth  Air  Force  gunners,  323 
— evaluation  of,  137-139 
— example,  121,  476-486 
—list  of,  486-487  . 

— origin  of,  119 

— preparation  of  directions,  126 
— preparation  of  items,  123-125 
— prerequisites  for  use,  121-122 
—reliability  of,  129-130 
— scoring  of,  126-129 
— summary,  446-447 
— use  of,  as  tests,  132-135 
— use  of,  in  training,  136-137 
— used  in  program  evaluation, 
306-309,  312-313,  316,  317-319, 
321-328,  330-332 
— validity  of,  129. 

Plane  Formation  Test,  CP805C: 

— and  gunnery  proficiency,  75, 
.4.72,  473 

— in  Sherman  study,  246-251 

Plane  Name  Memory  Test,  C1606A: 

.  ’  — and  gunnery  proficiency,  472, 
473 

— intercorrelations,  473 

Poorman  Range: 

— as  gunnery  criterion,  52 
-  description  of,  209-210 
— evaluation  of,  215-217,  258 
— learning  on,  (K-13  sight),  214- 
216 

— learning  on,  (Martin  turret), 
210-214 

— reliability  of  scores,  210 


504 


SUBJECT  INDEX-Continued 


— scoring  methods,  210-215 
“"82V4  program  evaluation, 


Reaction  Time:  • 

— relation  to  opening  range,  415 


Position  Firing: 

•—development  of,  5,  413-415 

Proficiency  Checks: 

-—(See  Phase  Checks) 

Psychological  Research  Detachment 
(Gunnery): 

— activated,  4 
—mission  of,  31,  439 
— personnel  of,  63 

Psychological  Research,  Flexible 
Gunnery: 

— and  gunnery  program,  467 
•—by-products  of,  466-467 
•—contribution  of  psychologists  to 
cooperative  attack  on  gunnery 
problems,  467-468 
—•levels  of,  464-465 
— objectives  of,  463-464 
—project  planning  and  execution, 
465-466 

Psychological  Research  Unit  No.  11:  ‘ 
— activated,  6 

— and  Instructors  School,  31-32 
—mission  of,  30-31,  440 
• 

Psychological  Test  Film  Unit: 

— aircraft  recognition  studies,  249 

Pueblo  Army  Air  Base: 

—studies  at,  135-136,  315-319 

Pueblo  Project  1 

— experimental  design;  315-317 
— problem,  315-316 
— results,  317-320 


Reading  Comprehension  Test. 
C1614G: 

~47^76 nnCry  proflcJenc*  78, 


Reading  Comprehension  Test. 

C1618A:  ' 

— and  gunnery  proficiency,  472  . 

Readjns^omPrehension  Test, ' 

— and  gunnery  proficiency,  472 

Reassignment  of  returnee  gunners: 

275^279  returnces  toward, 
— problems  in,  275 


Reclassification,  Gunnery  Instruc-  ’ 
tors: 

—Instructors  Qualification  Exam¬ 
ination  m,  372-373 
—results  of,  374-376 
— Research  Division  in, 

— oaoin!ns  of  personnel  for,  372- 
373 

— use  of  rating  scales  in,  373 

Reflectonc  Trainer: 

— description  of,  142-143 
—evaluation  of,  267,  145-146 
—learning  on,  143-145 
—reliability  of  scores  on,  143 


Refresher  Course  for  Returnees, 
•  Evaluation  of: 

—experimental  design,  329-336 
—problem,  329 
— results,  329-333 

v 


Pursuit  Curve'; 

— described,  14,  438 

Quantitative  Perception  Test  III 
(Total  3  scores): 

— and  gunnery  proficiency,  472 

Quantitative  Perception  Test  III 
(Total  4  scores) : 

— and  gunnery  proficiency,  472 


Research  Division,  Flexible  Gunnery:  • 
— and  Central  School,  6 
—composition  of,  9 
—evaluation  of  work,  463-468 
—functions  of  sections,  32-34 
— history  of,  3-4,  5-6,  9 
— list  of  personnel  engaged  in 
psychological  research,  469-470 
— relationships  with  other  agen¬ 
cies,  34-35,  36-37,  440 


Radar: 

.  — and  sighting,  10 

— use  with  computing  sight,  18 
—  (See  AN/APG-15  T1  Trainer) 

Rapid  City  Army  Air  Field: 

— study  at,  376 

RCAF  Range  Estimation  Trainer: 
— description  of,  148-149 
— evaluation  of,  149-151,  268 
— learning  on,  149-151 
— scoring  method,  149,  151 


Returnee  Gunners; 

— combat  experiences  of,  267-268 
—characteristics  of,  268 
— (See  Attitudes  of  Returnee  Gun¬ 
ners;  Adjustment  of  Returnee 
Gunners) 

Rotary  Pursuit  Test: 

— anti  unnery  proficiency,  475-476 

R~/al  Air  Force: 

— mission  to,  6,  384,  400-401 
— phase  ecks  used  in,  138 
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SAM  Angular  Judgment  Test: 

— and  gun  camera  scores,  85-88 

SAM  Arc  Estimation  Test; 

--and  gun  camera  scores,  85-88 


SAM  Discrimination  Reaction  Time, 
CP611D:  „  f  _ 

— and  gunnery  proficiency,  60— 73 


SAM  Self-Pacing  Discrimination  Re¬ 
action  Time  Test,  CPG11E: 

— and  gun  camera  scores,  85-88 


SAM  Two-Hand  Coordination, 
CM101A:  „  . 

— and  gunnery  proficiency,  65-72 


SAM  Two-Hand  Pursuit  Test, 
(Thurstone),  CM810A: 

—and  gun  camera  scores,  85-88 


SAM  Visual  Coincidence  Reaction 

Time  Test,  CP618A:  _ _ 

— and  gunnery  proficiency,  65-72 


SAM  Visual  Coincidence  Reaction 
Time  Test,  CP613B-3: 

— and  gun  camera  scores,,  85-88 


Selection  of  Flexible  Gunners: 
—Aptitude  Test  for  Flexible  Gun¬ 
ners,  AC30A,  72-75 
— exploratory  studies,  63-72 
— history  of,  61 
— personality  and,  79-85 
— stanines  for  gunners,  76-78 
— su,  -unary,  442-444 

Selection  of  Gunnery  Instructors: 

— establishment  of  standards,  351- 
354 

— initial  methods,  350-352 
— Instructors  Qualifying  Examin¬ 
ation,  364-376 


Selection  of  Gunnery  Officers: 

— development  of  tests  for,  391- 
399 

— policies,  396,  398-399 
— (See  Gunnery  Officers  Selection 
Test) 


Seventh  Air  Force: 

— overseas  project  in,  42-45,  295- 
304 


Sherman  Visual  Training  Method: 
—description  of,  245-246 
— evaluation  of,  246-249,  250,  251 

Shorter  Line  Test,  CP606A: 

— and  gunnery  proficiency,  472 

Shortest  Path  Test,  CP608A: 

— and  gunnery  proficiency,  472 


Shotgun  Turret  Range  ( See  High 
Tower  Range) 

Sighting  Accuracy: 

— counter-balanced  gun  cameras 
and,  412 

—eye  dominance  and,  410-412 
— MQller-Lyer  Illusion  and,  408 
— optical  vs,  iron  sights,  409 

Sighting  Methods,  Flexible  Gunnery: 
— apparent  motion,  12 
— on  Gunnery  Final  Comprehen¬ 
sive  Examination,  107-118 
— position  firing,  5 

Sighting  Problems,  Flexible  Gun¬ 
nery: 

— analysis  of,  11-13 
— duration  of  attack  and,  14 
— radar  and,  18 
— target  distance  and,  13 
— target  path  and,  13-14 
— target  size  and,  13 

Sighting  Theory,  Flexible  Gunnery: 
— position  firing,  413-415 
— reaction  time  and  opening  range, 
415 

Sights,  Flexible  Gunnery: 

— compensating,  17,  417-419 
— computing,  17-18 
— iron  ring-and-post,  16-17,  409, 
415-419 

— optical  ring,  17,  409 

Skeet  Range: 

— as  gunnery  criterion,  75 
— description  of,  191-192 
— evaluation  of,  192-194,  258,  301 
— in  Sherman  study,  246-249,  250, 
251 

— learning  on,  192-194 
— reliability  of  scores  on,  191 

Spade  Grip3,-3-Handled: 

— evaluation  of,  412 

Spatial  Orientation  Test,  CP501A: 

— and  gunnery  proficiency,  472 

Spatial  Orientation  Test,  I,  CP601B: 
— and  gunnery  proficiency,  64-72, 
•  78,  472,  475-476 

Spatial  Orientation  Test,  II,  CP503B: 
— and  gunnery  proficiency,  78, 
475-476 

Speed  of  Identification  Test,  CP- 
610  A: 

— and  gun  camera  scores,  85-88 
— and  gunnery  proficiency,  65-72, 
78,  473,  475-476 

— in  Sherman  study,  248-250,  251 
— intercorrelations,  473 
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Speed  of  Identification  Tc3t,  FTC: 

— and  gunnery  proficiency,  472 

Speed  of  Perception  Test,  LV6B: 

— and  gunnery  proficiency,  472 

Spotlight  Trainer  (E-8): 

— as  selection  test,  86-33 
— description  of,  151-152 
— evaluation  of,  152-166,  268 
— learning  on,  163-165 
— reliability  of  scores  on,  162-163 
— scoring  method,  161-162 
— transfer  to  gun  camera,  156-166 

Stanine.  Bombardier: 

•—and  gunnery  proficiency,  76, 

475- 476 

Stanine,  Navigator: 

— and  gunnery  proficiency,  76, 

476- 476 

Stanine.  Pilot: 

— and  gunnery  proficiency,  76, 

476-476 


— intcrcorrclations  of  ratings  on, 
-  347,  349 

— reliability  of  ratings  on,  346-348 

Technical  Vocabulary,  Bombardier, 
CE505C: 

— and  gunnery  proficiency,  78, 

.  476-476 

Technical  Vocabulary,  CE505Cr: 

— and  gunnery  proficiency,  66-72, 
472 

Technical  Vocabulary,  Navigator, 
CE505C:  ' 

■  — and  gunnery  proficiency,  78, 

476-476 

Technical  Vocabulary,  Pilot,  CE606C: 
— and  gunnery  proficiency,  78, 

476-476 

Thematic  Apperception  Test  (Mur¬ 
ray): 

— basis  for  Test  for  Emotional  Se¬ 
curity  of  Basic  Gunners,  80 


Stanines,  Flexible  Gunner:  Thirteenth  Air  Force: 

— B-29  gunners,  89,  92-93  — overseas  project  in,  42-46,  266, 

■  — formulation  of,  77  296-301 


Stanines,  Gunnery  Instructor: 

— Instructors  Qualifying  Examin¬ 
ation,  366 

Stanines,  Gunnery  Officer:  _ 

— Gunnery  Officer  Selection  Test, 
AC40B,  398 

Strength  of  Interest,  Bombardier: 

— and  ‘  gunnery  proficiency,  76, 
476-476 

Strength  of  Interest,  Navigator: 

— and  gunnery  proficiency,  476-476 

Strength  of  Interest,. Pilot: 

— and  gunnery  proficiency,  476-470 

Support  Fire: 

. — aspect  angles  in  418-419 
— need  for,  417-418 
— rules  for,  418 
—  (See  Aspect  Angle) 

Support  Fire,  Accuracy  of: 

—and  aspect  angle,  429 
— and  range,  430 
— learning  and,  428 

Teaching  Methods  Examination: 

— -development  of,  377-378 

Teaching  Principles  Examination: 

_ and  instructor  proficiency,  254- 

266 


Teacb^g  Proficiency: 

—instructor’s  Rating  Scale,  344— 

357 


Timing  Reaction  Test,  CM604B: 

— and  gun  camera  scores,  86-88 

Tonopah  Army  Air  Field: 

— studies  at,  312-314,  376 

Tool  Function  Test,  C1906A:  . 

— and  gunnery  proficiency,  472 

Training  Aids,  Flexible  Gunnery:  • 
— principles  for  preparation  of, 
251-293 


Training  Air  Forces: 

— attitudes  of  returnee  gunners 
assigned  to,  259-260,  263,  267- 
268,  271-272,  276-279,  328-330 
— reclassification  of  instructors  in, 
376 

— use  of  phase  checks -in,  132-133, 
130-137 


Training,  Flexible  Gunnery: 

— and  selection,  62 
—characteristics  of  effective  train¬ 
ers,  265-257 

— cooperation  in  planning,  291 
— description  of,  23—26 
— diversity  of,  389-391 
— evaluation  of,  by  combat  tnea- 
ter  gunners,  266-267 
•  — evaluation  of,  by  combat  thea¬ 
ter  offi<  s,  300-301 
— evaluati  of  ranges  and  train¬ 


ers,  141- "57' v 
— history  of,  3,  5,  7,  10 
_ overseas  ;  >ject3  and,  295-o04 
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—planning  of,  psychological  prin¬ 
ciples  used  in,  291-294. 

— procedures  for  evaluating,  294- 
295 

— specialization  in,  290 
— summary  of  evaluation  of 

ranges  and  trainers,  255-253, 
448-454 

— use  of  phase  checks  in,  136-137 
— (See  Training  Programs;  Eval¬ 
uation  of:  See  also  various 
ranges  and  trainers) 

Training,  Gunnery  Instructors: 

— contributions  to,  377-380 

Training,  Gunnery  Officers:, 
—development  of  achievement 
tests,  402 

— Eighth  Air  Force  study,  399-401 
— formulation  of  curriculum,  399- 
402 

— role  of  board  of  experts  in,  401 

Training  Programs,  Evaluation  of 
— basic  gunnery,  304-315 
—critique  of  studies,  333-334 
— Eighth  Air  Force,  320-328 
— refresher  course  for  combat  re¬ 
turnees,  328-334 

— training  air  forces,  Pueblo,  315- 
320 

$ 

Transfer  of  Training: 

—in  evaluation  of  gunnery  train¬ 
ers,  141-166,  185-191,  194-195, 
197-199,  201-204,  238-240,  245- 
250,  262-254,  256-258 

Turrets: 

■ — and  gunner’s  job,  15, 16 
— description  of,  16, 16 


— locally  controlled,  15 
— on  Final  Comprehensive  Exam¬ 
ination,  107-118 

— phase  chocks,  133,  135,  297-299, 
308,  314,  317-319,  321-328,  330, 
487 

— remotely  controlled,  16 

Twentieth  Air  Force: 

— combat  in,  8 
— gunnery  records  in,  18 
— overseas  project  in,  40-41 

Two-Hr-.d  Coordination,  CM101A: 
— anO  gunnery  proficiency,  78, 
475-476 

Tyndall  Army  Air  Field: 

— basic  gunnery  school,  2 
— psychological  research  detach¬ 
ment  at,  30,  63 

— studies  at,  64-72,  95,  205,  360- 
352,  471-473 

Waller  Trainer: 

— as  gunnery  criterion,  49 
— “beep-tone”  and  performance  on, 
163-166 

— description  of,  161-162 
— evaluation  of,  165-166,  258 
— learning  on,  163-166 
— reliability  of  scores  on,  163 
— scoring  methods,  16?, 

Weapons: 

— on  Final  Comprehensive  Exam¬ 
ination,  107-118 

Yuma  Army  Air  Field: 

— basic  gunnery  school,  5 

Zone  System: 

— related  to  Position  Firing,  414 
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